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43772 ~NOTICES , -_._ . 
. DEPARTMENT OF  HEALTH,' - ,'&; 5 558.15 knfZ&ff& kro~w~n. 
.EDUCATION, AND W ElLFAkE itnd sulfonamide dews in fh’e feed of 

Food and Drug Adt&‘dstration 
I [Docket No. TZN-023Oj . 

DIAMOND SHAMROROL CHEMICAL CO., 

Penicillin-Containing Premixes; 
Opportunity for Hearing . 

g&ENC!Y: Food and Drug Admfnlstra~ 
. 

ACTION: Notice. 

U?Z.imUls (21 CFR SS8&: 0 558.5% Am: 
Prolium (21 CFR 55855) ; D 55858 Am- 
wolfurn and ethopabate (21 CFR 5X- 
58) ; 0 558.76 Bacitracin m&hvZene di- 
salicf/Zute (21CFR 558.78) ; 0 558.78 Brze- 
itracin, z inc (21 CFR 558.78); 0+58.105 
BuquinoZate (ZI%Ea 558.105) ; 0 558.145 
ChW&traw%ne, procaine penicillin 
anal tifamethazine (21 CFR 558.145) ; 
3 558.155 Chk?rtetra#cZine, cocaine 
penicillin andsulfathiaeote (21 CFR SS8.- 
155) ; 9 558.274 Hggmm~cin B (21 CFR 

SUMMARY This Is a notice of oppor: 558.274) ; 0 558.460 PenfciZZin (21 CFR 
wty for a hw on ,&he ~roposrtl by’ 558.460) 0 558.530 ROXQtsone .(21 CFR 
t& Dm& of the B~-U of vew 5!%!i30) : and P 558.680 Zoolene (21 
Medicine to withdraw approvfd of new CFR 558.680). 
animal drw? amlf~tions (NADA’s)  for 
all pealcti4r?ntaining premixes in- 
tended for use .in animal feed on‘ the 
mounds that (1) new evidence shows 
that the penicillfn-eolltaixlillg products 
hfbVe not been shown to safe for sub- 
tharqpeutio usa as  raquked by. Section 
512(e) (1) (BB) of the Federal Food, Drug, 
and Cosmetic Act (21 USC. 36Ob(e) (1) 
(B) )  and 0 558.15 (21 CFR 558.15) ; (2) 
the arSpllcant4 have failed to ee.tabIish 
xmd maintain records and make reports 
IIS required by sectlon 512<e) 12) (A) of 
the act (21 U.S.C. 360b(e) (2) (A)> and 
!i 558.15; and (3) new evidence shows 
that them is  a lack of sub&ant&l evi- 
dence that penicillin-containing pre- 
mixes art3 ef&clSve for therapeutic uses 
under section 512(e) (1) (0 of the act 
(21 U.S.C. 360b(e) (13 (C)3. 

DISCUSSION .,’ -  
She the Director’s  distiion of the 

f&am involved in this matter is  neces- 
sarll~ deta¶led, he is  setting forth, for the 
reader’s  convenience, an outline of the 
discussion as follows: 

DATES: W r itten appearances requesting 
a hearing must be submitted by Septem- 
her 29, 1977. Data and analyst upon 
which a request for a hearing reUes must 
be submitted by October 31. 1977. 
ADDRESS: W r itten appearances and 
data and analysis to the Hearing Clerk 
(HF’C-20). Food and Drug Administra- 
tion, RXXL 4435.6600 Fishers Lane, Rock-  
v illa, Md. 20857. . 
FOR FWRTHEX INFORMATION CON-  
TACT: I 

Gerald B. Guest, Bureau of Veterinary 
Med!cine (HFV-130). Food and Dqg 
Administration, Department of Health, 
Education, and W elfare, 5600 F lshc rs  

, f mx mua 
XI. INTBODUCZ'IOIf .- 

A. ReguZitorg BackgrouM~ 
a. safety uonecm8 

JlLfllAmwlY0PTnE~ 

lv.ElvDIrsktEmv~TosivIlrANAND~ 
msALTssaFsIlmnYsRIA 

h Tranefer oj Drug Reststance (CMerfon I); 
The Pwl of S-Pktsmid-Bearing Organfenu It 

Inueahg 
l. Backsound a. waon 
3. Studlw Relevant to Transfer of Drug 

Re8IstaIlce: 
(a) R-plasmld-bear&q I?. COB dowlop in 

domes& animals that are fed subthempeutlc 
levels of sntlblotica, lucludlng penlclllln. 

(b) E. calf ContrIbute their R+Wmlds to 
man through several mechanisms. 

(1) Direct contact with animals. 
(U) contact wall E. wu-contsmimlted 

food. 
(Ul) W idespread presence in the en-n- 

merit. 
( c )  R-plasmld-bearing human and animal 

sIraIm of batter@ overlap. 
(i) Bpldemlologlcal lnvestlgatlons-E. coli 

serotyping. 

3410). . 
SUPPLEMEWTARY INFOFI.MATION 

RELATED Aclro~s 

Lana, Roe&W e, Md. 20857 (301-443- ’ 

In a notfce publIshed elsewhere in this 
issue of the FEDERAL REGISTER, the Direc- 
tor of the Bureau of Veterinary Medicine 
is  proposing to delete the provisions that 
provide for the use of penicillin in ant- 
mal feeds by amending 9 SOS.10 Animaz 
drug warning and caution statements re-  
quired It3 regulatfons (21 CFR 505.10) ; 
P 510.5 CertijZctztfon~ of new animal 
drugs containing any kfnd of peni&lfn, 
streptomz&in, chlortetracycline. chlor- 
amphenicol, or bacitracin, or derivative 
therepf (21 CFR 510.5) ; 0 510.515 A& 
ma1 feeds bearing or containing w ani- 
mal drugs subject to the provtsiom of 
scct fon 522(n) of the act (21 CFR SlO .- 

( v )  -. -  -  
4. DIreotor’s  Conclusions. 

8. Shedding and Re.dstance Oharacter&t(cs 
of SaLmonella (Crfterlon 2) 

1. Background. 
2. Criterion: 
(a) sheddlllg. 
(b) R&stance characterlstfu. 
3. AHI Studlea on the Effects of Subthe&- 

peutlc Levels of PenlclUn ln Animal Feed in 
Chickens: . 

(iI) Direct lngestlon evidence. 
(ill) In v iva studies ahow that I+plasmI& 

transfer from if. coZI to pathogens. 
(1~) R-plasmid comuatibffltv studies. -  

i$ B&yt”’ desl& 
ummrcy  of the re3uU.x 

(I) Shedding. 
(II) Realetance c.hluscterLsuco. 
$;I sT&DgWs anal@.% 

(ll) Reslstan&oharactorlstlcs. 
4. AHI Studies on the EfIects of Subthera- 

Ipm&evels or PenlclUn ItI Animal Feed 

(a) E&rimental design: -  
w fJl=das 

’ 

iii, Res&co chIlrwtorlst1cs. 
6. QU~S~~~ILE Rahd by Othor Studlcs d 

Srdmonolba: (a)  O D O  rqm-& (b)  FJM mu- 
my; ( c )  NW,  Cherubln, tingo, W outon, and 
wlntm ehldles; (cl) smith Iuld Tuolwr 
~h~s&($~Hablau, C+ustcfson study: (f) 

6. Dlrfxtor’s  concluslo~~. 
C. Compromise of Thcrapg (Crb’ton 2(o))  

1. Background and Cdtorlon. 
2. AHIY Comprom&o of Therapy Study ln 

Ohlpens: (a) Experbnontal dulgu: (b) 

tE$sLk 
m of tho rwult& (0) Director% 

3. ABI Compmmlso of Therapy Study ln 
Swine: (a) ExperImental dcelgn: (b) AIW B  
summary of th0 rcfmlts; (0) Dlrmtor’s  aualy- 
tds. 

4. Questlo~~.Ralscd by FDA Funded lzo-  
ewroh: (a) lbperlrnen~ design; (b) DImo- 
toel dnalyEi8. 

6. D&?&u% Concluskms. 
6. Optimal Level of EiZoctlvoness (CrltcrZon 

4). 
D. Puthogenfcftg (Crftcrfon 3) 

l. Bwkerolmd and c r ltarloII. 
2 z%%g (a) In v itro transfer; (b)  

In tivo tlnnsfor. 
4. QuwUouix B&ad by Other StudIce. 
6. DImctor’s  cxxx.llI8loIlfJ. 

E. Tfsaue Reef&e (CWcr fon I) 
1. z la&fxound. 
a. c r lt43~an. 
3. Data Submlttod 
4. DJrecto~% &mlysIs snd Conoluslom. 

t v.m-saxI-9 
VY. WNCLUSION 

I. l’NX DRVO ’ 
Name. Procaine pcnicilUn (3 (benzyl- 

penicillin) or feed grade penicilUn, slono 
or in combination with other drugs. 

Dosage form. Feed premix. 
Approvals. The following cornpanics 

hold or have efCeotive approvals that arc 
covered by this notice: 
NADA 30-077; USP 260 (chlortotraoy~11n0. ’ . 

sulfathluzole, and procolno ponlolllln) ; . 
Mamond Shamrock Corp., 1100 Suporlor 
Ave., Cleveland, OH  44114. 

NADA 36-633, Aurco SP-260 ‘Focii PromIx 
(ChZortetracyollno, sulfamothazlno, and 
procaine ponIcfllln) : Amorlcan Cyanamid 
Co., P.O. Box 400, Prlncoton. NJ  06640. 

NADA 48-667: MLcro-Poh and Stroptomyoln 
Sulfde Premixes, (pro&no ponZoW n a 
and streptomycin sulfato). Mlcm-Pon 0.26 
and Streptomyoln Sulfato 16.76, Nero-Pan 
snd Streptomycin Sulfato 76, Micro-Pon 
and Stroptomycln Sulfato 46, Noro-Pon 
and Streptomyoln Sulfato 160: EZanco 
Product8 Co., Dlvlslod of El1 Lilly Co, In- 
dlanapolis. IN 46208. 

DES1 OO72Nv:  Nero-Pen and NlamPon 100 
(pmcoino ponloillln a); Elonco Produote 

Ngi 36-207; Ampmllum, Ethopabnto and 
Penicillin: Ncrck,  Shwp g; Dohm~ Ro- 
sc~ch LabomtorZw, Dlvlslon of Morok L 
CO.. Inc.. Rahway. NJ  07066. 

NADA 43-608: Pro-Pen 60% Ponlclllln NIX- 
ture Medicated, Pro-Pon “20” Ponlolllln 
Mixture Medicated, Pro-Pan 00% Ponlolllln 
Nxture Nedknted. rmtdm$on “100” 
PenlcUlin MZxturo Norok, 
Sharp 6c Dohmo Researoh Laborbtorlcs. 

FEDkAl‘ REGfSlER, VOL 42, NO. ~~“‘TUESDAY, AilGUS+ 30, 1977 
. 

HeinOnline -- -  42 Federal Register No. 168 page 43772 (1977) 



_ NADA.9-476; Nlcarbfsln,P$nMllin wltb/or 
mlthout~~~~~e.cck,Sbaxp&Dohme 

NADA 46-981 Pro-Strep (procaine pe&m& 
streptomychl tite): Aexcp. sharp Q 
DobmeResearchLaboratories. 

NADA 6726; Streptamycfn and Procaine 
~enlciUnPremis15+5. StreptmnycLn and 
Procalm Penlcillln Prem.ts 18.'?5+626, 
Streptomycin and procaine Penlclllln Pre- 
mix 4S+15, StreptOmyclp and ProcnIne 
Penicillin Predx 75+25; Fixer, Inc., New 
Yor~NY10017. 

NADA4&668;PeIdciUlnP&mlxP-4,Pe~C~- 
pm l3w& F-fO, and PenfcllIin Premix P- . 

NsDli49-28iyChlorachel260-Smine(chlor- 
tetr?oycllne,suUametbazine,andprocaLne 

enloiUn G) : Naohelle Laborataties, Inc, 
%O Hem'y Mrd Ave., P.O. Box 2029, Long 

Seacb,CAi)0801. 
NADA 91-668: SUW Obloraobel250-Swine 

(chlort.etxa~cllu~, mlfametbaxhe, and 
procaine penicJlUn G); RaoheUe Labora- 
tarks, Inc. 

NADA4&666:PeniciUnGProcaineforM- 
malFeeds60 percent andPenlcULlnGPro- 
owlnefornnrmalFwds1OOpercent;E.R. 
Squibb &Sons.Ino., P.O.Bo~40OO,Prince- 
tW.NJO854o. 
Under section 108(h) (2) of the Animal 

Drug Amendments of 1968 (Pub. L. 90- 
3991, any approval of a new animal drug 
granted prior to the effective date of the 
amendments whether through approval 

. of a new drug application. master file, 
adiibiotic regulation+ or food additive 
regukdion, continue5 in effect UntiI with- 
drawn in aceordanc6 with the provisions 
of section 512 of the Federal Pood, Drug, 
aud Cosmetic Act (21 U.S.C. 366b). Many 
such approvals were issued long ago, and 
soma may never have beta used by the 
holder of the approval. Consequently, the 
current files of the Zbcd and Drug Ad- 
ministration (FDA) may be incomplete 
and may fail to reflect the existence of 
some aPpr0va.k Also, maw approvals 
have been withdrawn by other aww 
aoticms, e.g., EDA’s rulemaking procedure 
mMished in the F!lZIlEIXAL REGISTER of 
&bruary 25.1976 (41 PR 8282). The bur- 
den of coming forward with documenta- 
tion of unrecorded approvals in such 
circurnst~~ is therefore properly 
placed on the person claiming to hold 
such approvals so as to permit definitive 
revocation or amendment of the regula-- 
ti0R.S. 

The Director of Bureau df Ve&simry 
Medicme knows of no approvals affected 
bv this notice otherY,han those named 
herein Any person who intends to assert 
or reIy on such an approval that is not 

- 
listed in this notice shall submit proof of 
its cxlstencewithin the r&cd aIlowed bv 
tbisnoticefor oppurtuii~torepuesta 
hearing The failure of any person hold- 

-ing such an approval to submit Proof of 
its existence witbin that period shall con- 

- stitute a waiver of w right to assert or 
re.ly on it. In the event that proof of 
the existence of such an approval is pre- 
sented. this notice shall ah0 constitute 
a notice of opportuni~ for hearing with 
respect to that approval, based on the 
same grounds set forth in this notice 

conditions of use. Au uses of pf?Ilicilljn 
in ~&~ilIin and peniciUln-containing 
combinatron drug products as cited in: 

NOTICES 

SectIona 610.516, G68.16, 6!i8kS, Gs8.68, 
668.76, 668.78, 661?.1OG, 668.146, GZLIG& 
658274. 558.4f30, 658.630 and GGMXO. 

XL INTIIODUCTION 
A. Regulator BacliQraund 

Antibacterial drugs hnve been used at 
subtherapeutfc leveh Qower levels than 
therapeutic levels needed to cure dfs- 
ease) in anhnul feed for over 25 years. 
Growth benefits from this u!x were IImt 
observed when animals were fed the 
discard products from the fermentation 
process t&at was 0rW used in the 
manufacture of chlortetracvchue. The 
precise mechanism of a&Jon, however, 
remalaS un&ar. 

IuitiaU.v, certifiable entlblotlcs for use 
in animal feed such es penMhln were 
reguIated under the Provkilons of section 
507 of the Federal Food, Drug, and Cos- 
metic Act (21 USC. 357). Unhke the 
basic private licensing .svstem apphcable 
to new drugs, the provislons of section 
507 created a pub& regulation or mono- 
graph system for regulating these prod- 
ucts, in part becnuse of the complexikks 
in manufacturius the products and the 
Iack of knowledge of their chemical 
structures. AntibIoWc residues in focd 
from food-producing anlmah were then 
regulated under the ProvIsIons of the net 
dealing with aduReratIon and mhbrand- 
ing. After enactment of the Food Addl- 
tives Amendment of 1958 (Pub. L. 85- 
929), however. residues were principally 
gegulated by section 409 of the act (21 
U.S.C. 3491, which also esshbhsbed a 
public monogreph system of premarket 
approval, Under the entiblot.ic mono- 
graph procedure, the pioneer manufac- 
turer generated and submitted the b&c 
safe& and efl’ectiveness data in an FD 
Fomi 5 (now ED-1675). A re8ukMon wes 
subsequently published setthus forth the 
standards of identIty, strcngtb, quahty, 
and purity and the packagIng aud Iabel- 
ing requirements that the product must 
meet. PDA approval of the same product 
made by another manufacturer was then 
conditioned solely upon a demoastraffon 
that it met the requirements of the rey- 
lation, and this is normally accomplished 
by batch certification. Section 507(c) of 
the act (21 USC. 357(c)), however, per- 
mits the agency to exempt by re8ulation 
any drug or dnss of drugs from the certi- 
flcatlon requirement when it concludes 
that certification is unnecessary for the 
manufacture of the drugs. Antlblotlcs for 
use in nnimaI feeds tx feed ingredients 
were exempted from the certllhation re- 
suirements in 1951 (see the FIZDXI’IAL REG- 
ISTER of APrU 28, 1951 (16 FR 3647)). 
and those for use as drugs were exempted 
in 1953 (see the %DIXAL Recxsrsn of 
April 22.1953 (18 FR 2335) ). These are 
nom set out ln 30 510.510 and 510.515 (21 
CFR 510.510 and 510.515). 

Congress enacted the Anbnol Drug 
Amendments of 1908 Q?ub. L. 90399) 
and consolidated the provisions of the act 
deahng wfth the prcmarket approval of 
drugs intended for use in animals (scc- 
tions.409.605, 507) into one new section, 
se&ton 512 (21 USC. 360b). to regu- 
late these artlcks mom efllclently and 
effe&iveIy (Senate CommMce on Labor 

/ 
- 43773 

and Pubho WeRare, Animal Drug 
Amendments of 1968, S. Rep. No. 1308, 
90th Ctmg., 2d Sess. (1968) ) . This legis- 
l&on also brought the manufacture of 
antibiotfcs under the prhate license sgs- 
tcm for new drugs (lb; Hearing en S. 
1600 and HR. 3639 Before the Subcom- 
mittee onHealth of theSenate Committe 
onLabor andPublIc Welfare, 90th Gong, 
2d Sess. (1968) ). To ehidentls accom- 
pII& 4hfs change, the amendment5 ccn- 
taIncd a transitfm clause k&km 108 
(b) 1 ~whfch provided that aR prfor ap- 
provnls continue in eflect and be subject 
to change in accordauce with the pro- 
visfons of the basic act as amended. In 
summary, all persons lesalrs markefing 
antib!otles under the provisions of sec- 
tions 409, 505, and 507 of that act on 
Au8ust 1.1969, the effective date of the 
Animal Drug Amendments of 1968, were 
considered as holding the equivalent of 
an approved new animal drug asplica- 
tion; however, alI holders of such ap- 
provnIs are also subject to all applicable 
requirements of the act and regulations. 

B. Sale& Concetns 
In the mid-1960’s, EDA became con- 

cerned about the safetp to man and 
nnhnDI6 of subtherapeutic antfbiotic use; 
it studied the effects of low-level sub- 
therapeutic feeding of antibiotics for 
6ome years. The agency supported re- 
search. heId symposfa, and consulted 
with outside exgertS to review these non- 
mcdfcal uses of antiblotfcs 5x1 anhnal 
feeds. Following a report &sued by the 
British Government Joint Committee 
(the Swam Committee) “On the Use of 
AntibIotica in Animal Husbandry and 
Veterinary NedMne,” the Commissioner 
of Food and Drugs in April 1970 e&b- 
Ifshed a Task Force of scfentists, with 
consultants from governmen& univer- 
sltics, end industry, to review compre- 
hensively the use of anf+ibfotfc drugs in 
animal feeds. Its conclusions were pub- 
lished in a notice of proposed rule mak- 
ing pubhshed in the Fssss~~ Rsonvrsa 
of February 1.1972 (37 PI& 2444). which 
initiated the mandatory testing proce- 
dure to resolve conclusively the %ues of 
srrfetp surrounding the subtheiapeutic 
use of f4ntibiotics in animal feeds. 

The prfnclpz&l conclusions of the Task 
Force were the follomingr (1) The use of 
antibiotics aud suIfonamfde drugs, es- 
wdall~ in growth promotant and sub- 
therapeutic amounts, favors the s&c- 
tlon and development of single and 
multSDe antibiotic-resistant and R- 
plasmid-beruing bacterfa; 

(2) Animals tha~bfg receiviv$~tik. 
subth~~utic 
CUIIOU~~S of antibiotic and sulfonamide 
drum in feeds may serve as a reservoir 
of antfbfotfc resIstant p3thog~ and 
nonpatho6ens. These reservoirs of path- 
ogens can produce human Infections. 

(3) The 3mveIance of multir&&nt 
R-plasmid-bearing pathogenic and non- 
P3t.hor$xlfcb&+ziaixlanima,l$hssin- 
creased and has been related to the use 
Of ~tlbfotifcs andsulfonamide drugs. 

and meet products. 
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43774 NOTICES 

(5) There hss been an increase in the 
kwfbknce of antibiotic- amI_ sulfona- 
mide-resistant baat&a in m&n 

In its report to the Commfssioner, the 
Task Force also identhled three areas of 
primary concern: Human health has- 
mis, animal health hazards, and anti- 
biotic effectiveness; and guidelines were 
established to show whether use of any 
antibiotic or antibacterial agent in ani- 
zd s~g a hazard to human 

The February 1272 proposal also an- 
notmced that all txirrentiy approved 
subtherapeutic.uses of antibiotics, nitro- 
Ctrans, and sulfonsmides in animal 
feeds would be revoked unless data were 
submitted to resolve conc1usively the is- 
sum concerning safely to mm and ani- 
mals in accordance with the Task Force 
guidelines. That notice also proposed to 
establish a time t&de for filing commit- 
ments, conducting studies, fmd submit- 
ting relevant data and Information. 
Based on the guidelines, the agency then 
began developing specitlc criteria by 
which safety and effectiveness of each 
antibiotic product might be estabhsh& 
The notice further suggested that pro- 
tocols be submitted to the agency for 
comment. The criteria and studies to 
address them may be summari?zd es 
fol.lows: 
HuArAN AND ANrrdArHEALTE SAFErr cerrEruA 

’ 1. Transfer o! drugm3dstanm: (a) dn 
antibr&erlal drug fed 8lt subthhtpeutlc 
IcveIs to nnfmaln must be Bhown not to pro- 
mot0 lnorwsed roslstauce to antibscterlals 
used in human medlclne. SpecUiaUp; In- 
cressed multlpIe rwlstsnce a&able ofbelng 
trnnefbrred to other bactcrls fn anhuals or 
man should not occur. (b) If .incressed 
traeferabIe multiple r&stance Is found fn 
coIlforms, &tulles may be done to ehow 
mbether thla resistencn le traneferable to 
mlm. 

2. The .Salmonella rcservolr: The use of 
nntlbn.ct&al drugs at subtherapeutlc levele 
in animal feed must be shown not to result 
ln (a) 811 incrcaw in quantity, prevalence 
br durntlon of aheddbz? of Salmonella in 
medicated anhnrds as coiiipcired to nonmedl- 
c&d Controls; (b) an lncresse ia the nnm- 
her of antiblotlo reslstant Salmonella. or in 
tho spectrum of antib!otlo mAstance: (e) 
dlseese (caused by Sahnoneua or other or- 
-) that Is mate. dhlkuIt to treat with 
eltbcr the same medlcatlon or other drugs. 

3. The use of 6ubthexapeutl.c levels of an 
antIbacterIal drug should not enhance the 
p3thogcnlclt.y of bacteria, .e.g., by lncreesing 
onterotoxh production. 72e association of 
toxln produc&on c.haracterlet1cs with trans- 
fer factors must he lnvestlcated in weu- 
desIgned stud&. -@Turd reshttion of this 
question wee not expected wltbln the 23?ar 
period. Dmg epoaeors were expected to chow 
ovidace of work underway wbfch would 
lead toward anewere to tble question) 

4. An antibacterial drug used at subthera- 
peutlo levels In tbo feed of anhnf& &au 
iot result in resldues In food ingested by 
man whkh may cause elthcr Increased num- 
bers of pathobmlc bscterls or BP increase 
in the rislstaiwe or pathogens to antibac- 
t&al agents used in human medlciue. HT- 
perscnsiilvlty to residues wss to be addressed 
by’s 1Iterature survey. . 

The.Commi&ioner promuIg&d a final 
order that was published in the &DE= 

RxaIsTea of April 20, 1873 (38 FR SSTU, 
and at that time the requirements im- 

posed by the regnlation became legally 
binding on Sn lhms msrketmg antibac- 
terial drugs used at subtherapeutic levels 
in feed. In the FEDEML REofsmm of AU- 
gust 6,19’74 (38 ER 2839). the Commis- 
sioner proposed WlthdrawaJ of ‘all axh 
ProvaJs held by persons who had not 
complied with the luitial requirements, 
and ah these approvals were witJxlrawn 
by his order, publjshed in-the FUNERAL 
REGISTEE of February 25, 1876 (41 FR 
8282). Therefore, bnly those productS 
listed in Part 558 (21 CPR Part 558) can 
be legally marketed at this time. 

Soon after his advisors of penicfllln, 
Sir Arthur Fleming noted that somo bao- 
teriai organisms could become resIstant 
to the antibiotic. As the use of antibiot.ics 
has increased. the number and types of 
bacterial resistance have also multiphcd. 
There is a serious concern that, ln time. 
this will lead to declining usefuhress of 
antibiotics in the treatment of both 
human and animal diseases. 

By April 20,1874, the Bureau of Veter- 
inary Medicine (Bureau) had begun a 
review of the data required by 9 558.15 
which ma3 appiicab1e to the principal 
antibiotics used subtht?raPeuticaW fn 
animal feeds (penicllhn and t&a- 
cydine~, and by April 20, 1875, data 
concerning the safety and efE.cacy cri- 
tmia for all antibiotic and sulfonamide 

had been received. To assist the 
Bureau, the Commissioner asked the 
agency National Advisory Food and 
Drug cc’ ommittee (NAPDC) to review the 
data and issues LnvoIved and to make rec- 
ommendations to him on the future uses 
of subtherapeutic antSbiotics In animal 
feeds. A subcommittee of threemembers, 
the Antibiotics in W Feeds Sub- 
commitkc Uib3?S~. was appointed to 
work in conjunction with four expert 
consultants from d&ciplines related to 
the issue. The Bureau prepared 2 days’ 
presentations concerning peniciUin dur- 
ing which comments were heard from 
the drug industry, animal scientfsts,.and 
other interested parties. The Bureau also 
preparcd a comprehensive summary re- 
port with tentative recommendations for 
the subcommittee. (An identical Proce- 
dure was carried out for the t&racy- 
dines.) Two add.itionai meetings were 
held during which subcommittee d&i- 
orations were conducted and other state- 
ments given. 

The Bnrem’s primary concern is wltlt 
that portion of increased antibiotio ro- 
sistance in the ecological system which 
may result from the practice of using 
subtherapeutic level8 of penicillin and 
other antibiotics in animal feed for pro- 
longed periods. This practice, which 
sometimes produces iuoreases in gr0wt.h 
promotion/feed efftciency, Provides nn 
ideal environment for selective pressure 
to operate. When exposed to an antibl- 
otic. the organisms that are drug rcsbt- 
ant survive whiIe the gro!~th of othor 
(drug-sensitive) bacteria is inhibited. 
Eventually, the antibiotic-xsistant or- 
ganisms predominate jn the bacterial 
population, and continuous antiblotio 
‘prt%isure pWp&UateS this abnormal situ- 
ation 

Bacterial antibiotic resistanco is prl- 
marfly determined by genetic elements 
termed “3%plssmids” (R-factors, R+), 
The B 

% is with 
au’s speciflo concern, therefore, 
e health hazard that may nriso 

through an increase In the pool of R- 
Hasmfds in the animal population and 
the potential transfer of these R-plas- 
mids and R-plasmid-bearing organisms 
ta~ti~~~e~~Puiation and surround- 

In September 1976, the AAFS pre- 
sented its preliminary recommendations 
to the parent NAPDC, and in January 
1877, the subcommittee’s final report was 
submitted to the NAPDC. The Parent 
committee reviewed the recommenda- 
tions on penicillin and accepted them. 
NAPDC recommended that FDA imme- 
diately withdraw approvaI for the sub- 
therapeutic uses of penicillin, Le., growth 
promotion/feed efilcienc~, and disease 
control 

R-plasmids are small leneths of DNA 
that are separate from the bacterial 
chromosome. These R-plasmids carry 
transferable genes for drug resistance as 
Well as the capacity to reproduce them- ’ 
selves. Plasmids may determine reslst- 
ante to more than one antibiotio, and ro- 
&stance to several antibiotics is common, 
Moreover, plasmids can transfer from 
one bacteria to another and from non- 
pathogenic to pathogenlo strains. Tmns- -.- 

In view of these recommendations and 
since the information submitted in re- 
sponse to 0 558.15-folIowIng the guide- 

rer occurs, aIthough with varying fro- 
quency among all members of tho enter10 
bacteria and also to members of other 
fannlles of bacteria. The pool of nbrmal 
Gram-negative bacterlal intestinal flora 
(largely .Escherfchia co20 serves ns n 
reservoir of R-~htsmid8; the R-plasmid- 
bearing bacteria iuterchaneo among nni- 
ma% man, and the entionmont. Tho 
~otentiai for harm increases as tho R- 

fines and criteria had failed to resolve plasmid reservoir increases because tho 
condtively the issues of safets con- probability of R-plasmid tramfor to 
ceining subtherapeutic uses: of pdcihirr pathogens increases. When the Commis- ’ 
in animal feeds, the DirWor of the Bu- ’ sioner rt3xdred all holders of approyod 
reau of Veterinary Medicine is therefore NADA’s for the subtherapeutio use of 

penicillin in animal feed to submit data 
to rt?W1Ve the safety questions raised, ho 
Was Prim?iPati concerned with tha of- 
feet of the antibiotics approved for sub: 
thW3PsUtiC use m animal iced on tho 
emergeme of transferrrble drug resist- 
ance in the SRlmOnelia reservoir and tho 
E. coli of animals. In the Director’s opln- 
ion, the results of the 
and the data 

tudles mbmittcd 
availsb e are clear; tho B 

affected parties have failed to amwor 
the safety questions raised. 

proposing to withdraw approval of all 
subtherapeutic uses of penioilhn alone 
and in combination with other drugs in 
animal feeds. Because the National Acad- 
emy of Scie.nces/NaiXonal Research 
CounciI Drug Efllcacy Study Group con- 
cluded that the therapeutic use of 
~c.uiciIlin in animalfeed Iaqkedsubstan- 
Ual evidence of effectiveness, he is also 
proxxsiw to withdraw approval of ah 
penicillin use in anhal feed, 
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Evidence demonstrates that the use of 
subtherapeutio levels 02 penicillin and 
other antibiotics in snimal feed cml- 
triiuks to the increase in antibiotic re- 
sistant E. coli and in the subsequent 
transfer of thi9 resistance to Salmonelia. 
Further, many stmii of E. coZi and Sal- 
monella infect both man and-animals. 

The holders of approved NADA’s have 
submitted no evidence to demonstrate 
that the observed strains of E. coZi and 
Salmonella in mau and animals are mu- 
tually exclusive; in fact; the evidence is 
overwhelming to the contrary. Further- 
more, in sople case.5 the R-plasmfds as 
w’dl-as the resistance genes from hu- 
mans and animal so= are indisth~- 
guisha.ble. Thus, the potential for harm 
exists. as illusfrated by the studies sub- 
mitted and veriiled by evidence from 
studies conducted by independent sci- 
entisk. No evidence has been submitted 
by any EADA holder to resolve conclu- 
sively the srdefiv question9 raised by this 

~potentii in secordanee witi the re- 
quiremenk of 8 558.15. 
- The holders of approved NADA’s were 
also required to submit studies demon- 
stratiw that the subtherapeutic use of 
penicillin in animal feed would not com- 
p-emise subsequent antibiotic therapy in 
man or animals, but animal studies sub- 
mitted on their behalf by the Animal 
Health Institute to determine whether 
subtherapeutic peuicilbn use compro- 
mised subsequent therapy with related 
drugs were inconclusive because the 
studies were inproperly designed. Thus, 
holders also failed to show conclusively 
that subtherapeutic penicillh~ use is safe 
inaccord with that criterion. 

Additionally, the NADA holders were 
required to prove that the subtherapeutio 
use of penicillin would not increase the 
pathogenicits of the infecting organism 
They have submitted no adequate studies 
on the issue, and other recent evidence 
now suggests that the genetic determi- 
uants for,toxic Production may become 
linked with drug resistance genes. Thus, 
the spon6ors failed to satisfy that cri- 
tm-ion also. 

No studies have ever been submitted on 
the issues of the safetp of penicillin resi- 
dues in food or the efiect‘of long-term 
use on the mniclllin levels needed to 
maintain their subtherapeutic effective- 
ness. 

Finally, the National Academy of Sci- 
ences/National Research Council Drug 
Ef6e.a~~ Study Group evaluated the ef- 
fectiveness claims for the penicillin pre- 
mixes and concluded #at there w9.v a 
lack of substsntial evidence that the pre- 
mixes were effective for their therapeutic 
claims. No adequats and well-controlled 
investigations ahoming that these prod- 
ucts are effective have been submitted. 

None of the specified human and ani- 
mal health safety criteria have been sat- 
isfied, and the premixes lack substantial 
evidence of ei7ectivenass for their thera- 
peutie claims. For nil the foregoing rea- 
sons, the Director is proposing to with- 
draw approval of all NADA’s for the use 
of penicilbn and combination produck, 
e.g., ehlortetracycline-sulfamethazine- 
penicillin, in animal feed. 

A. Transjer oj DrugRarfsfunce KMerion 
I). The Pool 01 R-PZasmid-Bearins 
Organfsnzs is Incrca-fng 
1. Background. One of the most im- 

portant animal and human health safety 
criteria hum&r l., set forth in IL 8. 
above) concerns the role of mrbthem- 
peutic antibiotic use on the selcctlon for 
and increase in the pool of microbial 
plasmids de krminlns multiple drug re- 
sistance, and in the transfer of thcsc 
plssmids among bncterla in aulmals and 
man Resistance to antibiotics has been 
known ns long 3s the antiblotic3 them- 
selves have been known. Until 1959 it was 
believed t.hat antiblotio resistance wns a 
result of chance mutation and natural 
selection alone. However, in 1659, JoPn- 
neses. investigators (Ref. 1) discovemd 
that resistance to several common anti- 
microbial agents could be transferred 
simultaneously from one b3cterium to 
another by cell-to-cell contact (conjuga- 
tionl. This was shown to be due to the 
transfer of extrachromosomd resistance 
determinants called R-plasmids, Le., R- 
factors, or R+. Rcsistaneo produced by 
R-plasmids generally involves the pro- 
duction of enzymes that inactivate the 
antibiotic. For exnmple, R-plssmid medi- 
ated penicillin resistance is due to the 
production of an enzyme, penicilllnnse, 
that innctivates the peniciiiin molecule. 
This same enzyme b nlso dive a-t 
many semisynthetic penicillins. indud- 
ing ampiciiiiu. R-plasmids mny Carey as 
many ss nine drug raisknce mnes. The 
plasmids also carry other genes that de- 
termine the R-plnsmid’s replication, in- 
dependent of the host chromosome, us 
well as information for tran9fer of the 
R-ulasmids from one bncterlum t0 an- -. _ .~._~~.~~~~ 
other by conjugation R-plarmfds are 
transferred by conlusntion to virtually 
all Enterobncteriaceae as well as to such 
unrelated Gram-negative bacteria as 
Va&io, Pseudomonas, and Pasfeurella. 
Thus, resistance may pass from strain to 
strain, species to species, and mast im- 
portantly, from nonpathogen to patho- 
gen. R-plasm& are now known to be the 
predominant cause of antibiotic r&i&- 
ante in Gram-negnt.ive organisms that 
cause human disease, ex., E. co% SUZ- 
nlonelle, shigella,etc. 

Hue the development of nntiblotics 
revolutionized the treatment of infec- 
tious disease in both man and animols, 
the magnitude of this achievement has 
been dinunished by the tvidesprcnd 
emergence of nntibioffc rcsisfant bac- 
teria. R-plasmid mediated resistance is 
particularly ominous siuce selection of 
resfstnnce to a s&de antibiotic may also 
lead to the simultaneous selection of re- 
sistance to a wide spectrum of other 
antibiotics. In recent years, antibiotic 
resistance has emerged in importnnt 
pathogens: for esnmple. in HaemophfZus, 
Neisseria gouorr7foeae, and Salmonella 
typhi. R-plasmid medinted reshtance 
has been identilled in epidemics urouud 
the world, e.g., SaZmonella typhimurium. 
Some of these organisms have ncuuked 
both ampicillin and chlorpmpheuicol re- 
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skbmce. Droducing disease that m  no 
longer &pond to therapy. Hence, drug- 
mlstant ogantmrr have become an im- 
portant concern in both hrrmsn and vet- 
erlnarymedictie.CRef.2and3). 

Because the use of antibiotics is es- 
ten&e, an effortmust he made to we 
the future utility of these lifesaviug 
products. In 1060, the annual produc- 
tion of antibiotics in the United St&es 
was 4.16 m!lUon poundzi, of which 226 
million pound9 vere u9ed for therapeutio 
purposes in human and veterluary medi- 
clnc nnd 130 million pounds in animal 
feed additives. By 1070, 0.6 million 
pounds mere being used for human and 
veterhmry medlclne pharmaceuticals 
for animal feed additives, 7.3 million 
pounds were being used. EZoreover, ac- 
cording to “Synthetic Grganic Chemi- 
cals. united ststfs ProductioIl and sales 
(1071-10751J’ (U.S. International Trade 
Commission Fublication 804J, the 5-year 
average production for 1071 through 1075 
m-39 1136 million pounds for medicinal 
uses and 7.68 million poImd.9 for non- 
medicinal uses, including feed additive 
uses. Over those 5 years, the aggregate 
aversge of the total production for those 
nonmedWnal rises via5 40.8 percent-but 
48.6 percent in 1075. Thus the use of 
antibiotics in animal feed9 is a consid- 
erable element in the overall use of anti- 
blotics in this country and consequently 
must be considered a potenffally siguifi- 
cant contributorto the resistance prob- 
Ian. 

1. Watanabe, &  “Iniectve Heredity of 
mllt lplo Drug -co in Racteria.” Rzc- 
ter1010zbl Rovie’sz a7:s7-IIS. 1993. 

a. SlinmO~, E. nxid P. D. tiuep, Ytllls 0 
Mcdhl Rogrc3?‘* Jamnat of the American 
EkdIaU Amdation. 333:1&?3-1028. 197L 

3. Linton. A. Si.. “AntWoMc Resistance: 
Tho Rc32nt Sltudon Revf~cd,~ Veterinary 
Record, 100:334-360, 1877. 

2. CSiterfou. The FDA Task Force con- 
cluded that a haman health hazard ex- 
Lsk if the subtherapeutic use of antibi- 
offcsinanSmalfeedslfxdstoan5ncrease _ 
in R-plasmid-bearing orgaukms, if these 
anMbiotics used subtheraneuticallv are 
also usedin human clinicaimedicine, and 
if R-~la!zuids subsequentls appear in 
bactaria in man. It was theintent of the 
Task Force as m?ll as the intent of p 55% 
15 to reduce the total load of resistant 
or6nnkms in the environmeut and to en- 
sure the etlectiven~ ofautibioticsinthe 
treatment of disease in man and animals. 
Accordhxly. 3 55815 required the Pollor;- 
illg: 

An antibacterial drug fed to animals 
shrill not promote an increase of coli- 
forms that are resistant to antibacterial 
drums used in human clinical medicine 
and capable of trausferrmg this resist- 
ance to bacteria indigenous to the in- 
testinal tract Of man. Studies must be 
undertaken to assess the occurrence and 
sl6nitlcrrnce of tieseeveuts: 

a. Controlled studies shall be ~mder- 
taken to determine whether or not the 
administr3Mon of an antibm drug 
at low and/or intermediate levels to tar- 
set animals results in an increase in the 
numbers of coliforms bearing R- 
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5 3hsmMs mesent in the intestinal tract 
oftheanimalorschawedntheresist- 

-ance ape&rum of these prgsnisns com- 
pared to those found in contaT& receiv- 
inino antibacterial drug.The resistance 
spectmm must be determined to ascer- 
tain whether or not there are determi- 
nants present for resistance to antibac- 
terial drugs used in human clinical 
medicine. 

b. If the resistance determInanti indf- 
cated in a. are found, a sponsor may elect 
to conduct additional studies to deter- 
mine if such multiple drug resistance is 
transferable to the huiigenous coliforms 
intheln&tlnal~raotofman. 

In addition to the EDA Task Force, 

NonCES 
.- . . 

sence of Penicfllfn prEsssure. once the 
reservoir oi R-~lmmids develops, the 
iniUal cause of the R-p&mid buildup, 
whether She subtherapeutic use of -pen- 
Mlliu or another drug (or drug combi- 
natdOn&, is irreleva& tin the R-plasmids’ 
hn6ferabiKty or movement from ani- 
mals to humans. Therefore, all studies 
on the movement of R-plssmids and 
rwldant bacteria are germane to this 
issue even thmwh ptmMlfn watt not al- 
ways used as the speci& antibiotic.. 

-%he data (Ref. 3) indicate that the 
enteric flora of individuals not dlreotly 
exposed to the selective effects of anti- 
biotics can be affected by contact with 
8nhnals; furthermore, tliese individuald 
may be affected by contact with other 
m?opIe who have a predominantly ro- 
sistant flora as a result of their exposure 
g su;%$raPeutio 1eveIs of antibacterlnl$ 

-cEs - 

A st&l~ sponsored by the Animal 
Health Institute, Levy et al. (Ref. 41, ox- 
amined the chance in intestinal mlcro- 
flora of. chickens, farm dwellers, and 
their neighbors before and after a 
tetracycline-supplemented feed was in- 
traduced on the farm. Within 1 wool: 
after introduction of this antlblotic in 
their diet, the E. cdf of the chickens wero 
almost entirely tetracycline reslstant. 
Subsequently, at a slower rate, incrcnscd 
numbers of antibiotic-resistant baotoria 
appeared in the flora of the farm 
dwellers. No such increase was observed 
in the farm neighbors.<who wero not 
exposed to the animals fed subtherapeu- 
tic antibiotics. Within 5 to 8 months, 31.3 
percent of weekly fecal samples from 
farm dwellers contained greator than CO 
percent tetracycline-resistant baotorla 
compared to 6.8 percent of the sfun~lcs 
from the neighbors. This is st8tisttc8lly 
signi5cant (P<O.OOll. Using a speclallg 
marked resistance gene to identify a par- , 
titular plasmld, Levy was also ablo to 
demonstrate the direct spread of M- 
sistant organisms from chickens to 
chickens and from chickens to man 
cRep.5). 

Although penlcilUn ~8s not used in 
i%ki study, resistance to both penicillin 
and tetracycline is plasmid mediated; 
therefOr% the 6tUdY ti germane t0 the 
question of the transfer of resistant 
organisms from animals to man. ,Theso 
.shMes demon&r& that the subthera- l 

peutio use of certain antibiotics increases 
the pool of R-p&mid-b ing E, colt, 
and they deflne one route b T which anti- 
biotic-resis&%nt strains can enter the hu- 
man population. While this route is of 
great importance to farm dwellers, tho 
ma.lor& of the population has no con- 
t&i with live nnimals. For this segment 
of individuals, a more important routb 
of exposure by which resistant bactcrin 
canpasstomanisbythehnpdlingand 
ingestion of meat and poultry products 
contaminated with R-plasmid-bearing E. 
coZf of animal origiu 

1. Newer, 3. D, D., Pocurul, 8. Gaines. 6. 
Wilson. and J. V- Bennett, UCharaoteristlcs 
& Anthnlcroblel R&stance of Eseherichia 
coli from Animals: Relatlonsblp to Veter- 
ztiyd Msnsgement Uses of Antlmlcrob@l 
.““. ’ AppUed Mlcroblology, 22:700-705, 

tievelopment of R-Masz&d-bearing .or- 
gmisms in food an!maIs, which might 
then spread to man. The normal enteric 
organisms that can serve as this reservoir 
are the coltforms, in particular E. co& 
!rhese E. coZi can donate the R-Masmtds 
to other bacteria, including pathogens, 
e.g., pathogenic E. co& Salmonella, etc. 

+ 3. Studies Relevant to Transfer of Drug 
Resistance-(a) R-$Gzsmid-&wing E. 
coZi develop in cZomestic animats that .are 

l&d subtherapeutic levels of ontiiiotics, 
including peniciltin Many investigators 
have reported the presence of R- 
p&mid-bearing E. coZf in ,domestic ani- 
mals such as chickens, swine and cattle. 
The iniluence of antibiobc-supplemented 

many other scientists were .concemed 
that the use of antibiotics at subthera- 
oeutic levels in feed might lead to the - ~u-6~ 

2. Selgol, D., W. 0. Huber. and F. E&e,< 
“Contlnuoua Nontberapeutlc Use of ‘Anti- 
baoterlal Drugs in Feed and Drug R&stance 
of the Gram-negative Bnter~c Flora of Food- 
Produdng Animals,~ Antlmlcrobial Agenixi 
and chemotherapy. 6:697-701, 1074. 

3. Smith, H. W., and J. P. Tucker, “The 
REeot of antiblotlo Therapy on the Fa#xl 
Excretion al Salmonella tgphimurium by Rx- 
perimentaUy D&?&d Cbiqkens,: Journal of 
Htiene. 75:2X-292. 1976. 

feed in increasing the number of resist- 
ant oiganlsms has been extensively 
documented Mercer et 4. (Ref. U 

: showed that 394 if491 isolates 180 per- 
cent) from animals exposed to anti- 
biotics in feed, including penicillin, were 
resistant strains, and in contrast, only 

! 14 ,of 04 isolates f21.9 percent) obtained 
Xrom animals not exposed to antibiotics 
in feed were resistant strains. Mercer 
also retorted that p&mid-mediated 
8mpicilUn resistance occurred more fre- 
quently hi animals that were exposed 
to subtherapeutic levels of pe.nicIllin in 
thelrfeedthaninnonmedicatedanimals. 
S&gel et aI. (Ref. 2) Smith and Tucker 

’ CRef.3),Katzet.aL tR&.4),andothers 
hnve also shown &at the ~addition of 
gentcilllns to feed at subtherapeut$ 

i levels causes a S&dfiCad increase in the 
: R-p-d-bearing coliform’ population 
of the lntestinaLflors of aninials. Even 

’ the data submitted by the drug indus- 
try on the effect of subtherapeutic use 
of peniclilin on the B. coZf flora of poul- 
try. which wffl be discussed in depth in 
part IV. B. 3. below, also show an in- 
crease in drug-resistant E. coli. 

Accordingly, the Director has con- 
cluded that subtherapeutic use of peni- 
cillin ln animal feed produces a high 
level of antibiotic resistant E. coZi and 
that the subtherapeutic use of penicillin 
selects for R-plasmid-containing bac- 
teria in animals (human health criteria 
l.(a) set, forth in 3I. B. above). i.e., the 
antibiotic pressure of subtherapautic 
penMlin use allows microbial R- 
plasmid-containing populations to pre- 
domlnak These populations appess to 
be stable and persistent, even in the ab- . 

-< Xfbiz, S. k, U. i. XUwbender, P.S. Dln- 
‘m, and J. J. DowlUg, Jr., T!IKeoix~ of 
Feed&z PeniolUln -to chickens.** Journal of 
the xtiwclat10n or omciai Analytkal 
Chemists, 67:622-626,1074. 

(b) E. coli contribute their R-plasmids 
to ?nan throw?& several mechanisms. 
There has been much debate over the 
extenti to which E. cdf in the animal 
community & as a source of R-plasmid- 
bearing strains for man. This fs perhaps 
the most dontroversial and most difXcult 
aspect .of R-plssmid ecology. to assess. 
Drug-resistant bacteria originating% 
animals may reabh man (1) by direct 
contsct with animals, (2) through the 
food chain, aqd (3) because of their 
$lead occurrence in the environ- 

(i) Direct contact with animals: A 
number’of studies have shown that hu- 
mans in contact with animals receiv- 
ing medicated feed. including subthera- 
peutic levels of peni- have a higher 
jncidence of drug-resistant organisms in 
their flora than do control populations 
without this direct contact. Unton et al. 
CR..& 1) found a h&&her incidence ,of 
drug-resistant 2% colt in adults employed 
with livestock husbandry than other 
rural or urban adults. Wells and James 
CR& 2) found 8 higher incidence of 
drug-resistant E. coZi in humans in con- 
tact with pigs given certain antibiotics 
than in humans in contact with pigs 
that had not been given antibiotics. 

Seigel et al. (Ref. 3) compared the pro- 
portion of resistant organisms in fecal 
sa~nples froin: (a) people working on 
farms who were continuously in contact 
with the predominantly resfstant flora of 
a.nima.ls’receivlng subtherapeutic levels 
of peniciuin; (b) people residing on the 
same farms with no .&ect exposure to 
the farm anlmds; (cl people tre8M 
with antibacteria. drugs; (6) untreated 
peopIe residing with treated individuals: 
<e) untreated peopIe with no exposure to 
farm animals or treated individuals. 
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&c-SuppkmentM Feed on a Fauu” New 
z Journal cf hb?dIcinc, 285:685388, 

6. Levy, 8. B, G. B. Pfty@d, and A. B. 
afacanv, T@ad of Antiblotlo Rwlstant 

_ ~1~~~11ds~~0mc2&bn~cblckena.ndfrom 
~hickcn to l&n” B&urc, 260:4&Q, 1976a 

(ii) contact with E. coU-contsmi- 
nated fooa: To assess ade4uateIY the 
sfgnhloanco of the problem of human 
food-contamhrated with E. coIL Home 
and ItinfoIl (Ref. 1) described four fac- 
tors that must be measured: (a) The 
incidence of RpIasmid-bearing E. coZf 
in food-producing anima% (b) ffie Ioad 
2nd fiequfmcy of excretion of E. coZi 
from those zmhnls (cl the degree and 
source of contamination of carcasses at 
S&I.&~ and Cd) theoverIapof E.coZf 
serotypos in various host anhn2ls wiul 
those wmmonIy found in humans. A 
lmmber of surveys have ClearIy docu- 
mented th2t piJ& c+Ive5# and P0Irltl.Y 

cJmY~Elarge~~~lrof.~~i&~ 

tims by. Anderson: Loken; Mercer; 
.smit& Howe. Lint011 and Osborne: 
SmithandCrabbb2through8,and 
15). In these survw~ animaIs oxcrete 
IargeIUllbtXSClfE.COZfOQ2XW.Wre- 
fiislan~to 2 wide rawe of cIinlcs3I.v use- 
fnl rmUbioUcs, and these anian& clearIy 
constitute a reservoir *rich” in R-piss- 
R&IS. Moreover, they excrete a Iarge 
variety of distinct seroty~xz of E. troff. 

Durfng the slarrghterhrg Process, eon- 
taminatlon of ca.msse with intestiIlal 

’ 
microorganisms cannot be prevented. 
Meat and meat products are often con- 
‘taminated @h antibiotic-resist&t E. 

. COIL and these often reach the human 
consumer. Walton (Ref. 9) demonstrated 
that 52 percent of the bovh <beef) and 
83 percent of pcmine (pork) canxaw 
slaughtered at commercial abattolrs were 
con-ted 1~3th E. coZf. WaIton and 
Lewis CRcf. 10) ‘SoIated rts$p.nEg&! 
from 21 of 50 qwhneus 

., and from 4 of 50 spechnens of cooked 
rnf%t Babcock et aL Crew. ll) ZsoIated 
muMresistant E. coZf from -80 percent of 
98 sampks of dressed beef. Resistance in 
most cases was found to be tznnsmissibIe. 

Similar incidents of E. coZf contamina- 
tion occur with the slaughter of chickens. 
Kim and Stephens CR& 12) found a 
I&h incidence of R-pIasmid-bearing E. 
coZf in %ady to cook” broi@ chickens. 
The greakst number of E. coZf isol,ated 

. were obtained from the flu&l and abdom- 
bml cavity, suggesting th2t the princlp3I 
source of these microorganisms is the 
int&.incs. Furthermore. poultxy me3t 
has been imxhnhmted as a source of E. 
coti for patients in hospitals <Cooke et 
a$ and Shooter et aL (Refs. 14 and 18) ) . 

The presence of antibiotic-resistant 
XR-pIasmi&bearing~ E. calf in the ani- 
mall fntestins.l trnct and on the cnruss 
does not con&s 
coZi are identical or 
recent studies using serotyping mel&x&i 
have characterized resistant and sensi- 
tive E. coli Moated frcm the animaI in- 
testinal tract and carcass CRefs. 13, 15, 
10, and 17) and have found that the re- 
sistant 0-seroLm~0.5 on the carfmsos of 
pips. calves, and p0ultr.y frequently ere 
identicaI to those IsoIafed from the fecal 

l 
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content6 of the same tmhml. Moroomr, 
Unfon, Howe, et ak CRef. 17) showed 
that o. brge nu@or of 6. coIt found on 
table-ready thawed &f&ens were re- 
siskint tb thempeuUc2U~ fmuortnnt an- 
tibiotics. The OIXCU&US renchlng the 
kitchen included 0. wide divemltp of O- 
serotsrpos of amb10Mc-rc3isfant E. COZf. 
SimRnrIy, Shooter et 03. CFM. 13) de- 
scdbed the dZstribution and serom of 
strains of E. COU from a POllltrF P3Cl;LaE 
station and an abztttoir. Shooter con- 
cluded that ‘kesults in both tlxc abattoir 
and the pot&y psohfnE skrtbn fndktcfc 
thnt there Is transfer cf strains from the 
faeces of the anlmabv to the environment 
and that the SW of E. coZf found on 
the cnrcassos of poultry, cdtlc and beef 
vdl or&ate from the feces of the ani- 
mal and from the envlrcnment rind Mll 
reffect the history of the carcscs.” 

Foodborn SffZmO?ERa inlecM01~ fn 
mnn ure a wall-rccocuized und conthm- 
ing problem. AIUIM me& PrOdUCtS th3t 
yrvervtisg piiru.y source of SalmoneRa 

umnns f&o berYe as 2 
source of other bscterla for man iuclud- 
Ing R-pIasmid-bearing enter& bncterfc 
a&f. 19). Based on tbls cvfdcuce. the 
Director must conclude thut man is ex- 
posed to R-pIasmld-besriw lnt&inaI 
bacteria through contact with COII~UIG 
n&cl food. Because the drug r&&x0 
of these bacteria is increzxd by feetUne 
the anfmaIs subtherapeut!c IeveIs of 
antibiotfes. such foedInEr fmhances tho 
IlkeIihood of transmitttog R-fnctor- 
bearing bacteria to man through con- 
tact mlth contnmlnnted food. 

1. Hove, K., cud A. 7% LInton. ‘?l”lro Dk- 
trlbutlon of O-Antlpn Tspw of Estzhdddx 
df In Norma1 Cnlws. Ccmpnrc.5 with IEm, 
and Thalr It-plnsmld Ccrrlc6’&” Jouracl OI 
AppUcd B%ctcriclo2$ 40:317-330. 1676. 

2. Anderscn. B. 8.. ‘The ECOIO”~ or T-San!+ 
fcmbla Drug Ralctcncc In the Eotcrobx- 
terln,- Annunf Rvvlow of Mlaoblolo,~, 
22:131-180,1868. 

3. Howe, & A., H. Llntcu, nud A. D. 03- 
bornc, "A Lcr@tudlucl Study or &scherfc~fa 
mU in Cowa and Cnlms tith Spcclnl R&x- 
encc ta tbo Dlstrlbutlon of O-Antl6cn rind 
Antlblotlc Raktrmcc,” Jourunl of AppUed 
BoctorloloCp. 40:331-3iO,l67U3. 

4. Lolion, E. I., L. W. Wn~er, and C. L. 
Hcnkv, -Tnl-lb10 Drug Rc3lckaco in 
Rntcrobcctcrlncao IaWed Frmn C&a 
Gben Antiblotla,” Amerlcnu Jourml of 
Vetdnnryltwarch, 32:1207-l212.1371. 

6. Maccr, H. D.. D. PocurulI, 6. Gnlua, 
5. Wilson. and J. V. Bcnuctt. uCbcrcctcrktta 
of Autlmlaoblnl Ras!3tuuco of ExhcrfclA 
mU from Anlmnln: RQlntlonshlp to VCtcrl- 
mnr&a$ Mnnn~cnt Urns of Antlmlcroblnl 

lwll. . 
AppUed UkroblcloCS; 23:700-?&i, 

6. sIcltl! & w, “Tbo lzlrcct or tbo UC0 
ol Antlbnctcrinl Drugs, Pcrtlculcrlv cc Feed 
Addltlrcs, on tbo Rmcr’6cnco of Drug Ro- 
slstcnt Strclus of Bnckxkb ln Antrunk,” Da:on 
ZezlcndVotcrlncry Journal. 16:11X-Rio, 1867. 

7. sullth. H. w, “Tbo Et&t or the UC0 or 
AntlbnctcrlnI Drugs on the Emcqccnco or 
Drug-Eksktant Bcctcrln ln AnlmcLc,” Ad- 
vnncw In Votmlnfuy Sclenw nud Comp3m- 
tlvo A5xiIclnc, 16:67-104107L 

8. SIClth, EL IV.. and W. E Crnbb, ‘“X-be 
FXfcct or tbo Ccntlnuouc Admlr&trctlon or 
Met3 conwg Lcw D3wll3 0r Tchcyclinn 
on the 7ucIdenc.c of Drug-Ralctcnt Sccrc- 
rfum mzi In the Fcea?c or P&6 cud CblCk- 

43777 . 
@Dx The ScPsltlTlitp Of Bact. mzf to other 
Cheo~thvra~tic ACCU~S.~ Veterfnarp RCC- 
crd.iwa4&,1ns7. - - 

9. Walton, 3. R.. “Ccntammttfcn of lKkit 
Carwssu by Antibhtfc- Redatant coxKcn?l 
Bacterls.“Lanset,2:661-563. IDTO, 

10. W&on. J. k snd L. E Lewfs, “Con- 
tamlnntlonotRmhnndCcmkedZ.Wtcby 
AutlbIotlo Rwl33t coIKonn Bwterfa." 
Lsnc&.2:255,197f. 

11. B&ccc& 0. P.. D. L 73crrpbitr. and D. 
E. r&fnra. -R-PLIcLoTs of Bscrz~h cm 
mm D&cd Bed and limnnns;’ Appued 
axaobloLcgy. 26Pl-23. fmf. 

I!& Elm. T. E., rind J. P. Stcphcns, “Drug 
ffJ2etnnw and -ercbIo Drug R&St- 
y.n~ CON Icolntcd f&m %ezdy-e 
X97-2. J* 

PcmRry sclt?nce 6x:1163-1170, 

13.slIoatcr,RlLE.ar.co&e,S.crmmeU. 
&A.Rcttcmclnl.~RCbandla..andP.~ 
Buzhrod, .‘Tbe Eolstlon of Cz%crfcrbb ccIi 
fromsFalkyPccUn~StnttcnandanAba~ 
to&” Jcurncl ofH$@cno, 73:246-247.3874. 

14. ccob?. E ar.. A. L. BIneden. R. A 
Sboctcr, cud 8. iX. O-FnrreU. -&Kblc~ SOP- 
motility 0r m2bfchfo cdf ~0mku fxom 
Aulm& Feed. HospltaI Patlmt.v, turd Bcr- 
rnalPmpl~‘.&ncet,2:6-10,197l. 

16. EUXV. E. d, E LintoX~, and A. D. 
Ccbcmc, “An Invatf~ffcvx of Cclf Cardcrs 
Contnsubmtlcn from ExlzHchia mlf from 
the Gut Ccntnnts at SIn~&ter.” Jounul 
of Applkd BclctaaIO~. 41:37-45.l978b. 

16. Llnlon. k & B. HandIcy. A. D. Os- 
born?, B. G. Sbmv. T. A. Rcbats. rind W. B 
Eudscn, “c0ntamlnctlon or Pfg c- 
nt Two Ahattolrs by ucheriohfa coli with 
Spcclnl RefcreIlco to o-SercQpes aud Arm- 
bIoUo lU%kd%c,” Journal cf AppBed Bx- 
tcricbJ~.42:JI3-111.1077. 

17. Lluton. A. H.. B. Ha% c. L. BartkF. 
and E. LS. CIemenk -Antibloti Eesfhnt 
rind Smzlttra Ectlrerlchfrr CoTi O+erotypes in 
the Gut mrd on tbo Ccrcaz bv CormncrdcRF 
SIaughtmd BrOlkr Chl&ens and tho PO- 
tcntldPublkIWRl~lmpll&lO~.“inpre~~. 
l877. 

18.Slaccta,RA.,S.A.Rcuwau.Ebt 
C03k@,llI ld&LBW2dV4 “Aulmslsources 
of Common 6aotgp2s QC Escherfchfu mli in 
Um Food of HcznltnI Pi&kntr.” Uncct 2: 
226-22a. 1270. - 

10. PDC Docket No. 777X156. Buviron- 
mental fmpxt Aus!@s and -t Re- 
DOrts f=/EbB) fOr chlortetra-e- 
bklUin-Suiiotidea (CSP) and lhfcfl- 
un-strcptom~cln prcmrc combfnaffons. 

(w) W’fdewead presence fn the en- 
vironmcnt: lEalystuclfos IRei. 1 through 
0) have shovin that ln&sthmI bacteria 
(eg., E. cdi and SaZmoneZZd canyfng 
R-pIasmZds are widespread fn the envi- 
ronment. Resistant strains reach the en- 
vh-oumont from ram and treated munfc- 
1~31, hospltal, and anhnaI wastes. The 
number of R-plasmId-bearing bacteria 
repodd in savage and the effects of 
sewnge trciltment ml-J-. Most survm in- 
dlcate that hospital sewage contams 
more druz-resistant coIiforms, more R- 
~lwimids. and a greater proportion of 
R-~Iaemlds car&w multiple r&stance 
than se+Jaze from domestfc snd other 
sources. However, hospit& do not con- 
Stltuto 2 Iarce proportIon of total sew- 
ace. Therefore, Linton et aI. a+z ;4) 
COmprrred the contributions of hwTitaI 
and domestic sources to the total pooIed 
iieuage output of the cifs of BrZstoI. and 
they concluded that fnduss and do- 
me;Uc sources, rather than the hoaqitaI 
po~ulafi~n. nppesr to be by far the 
m?atost con!ributors~fo the lTseNolr or 
R-ulasmfds in the conuntity CR.& 71,. 
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R-plasmid-containing bacteria dso from Hcepltal end DomesMa Sf~wage,~ Jour- 
occm h Hver,j ad se& wa&, =d s,-~me, Zll3Z Of h%ZdiChlCl M.imblti%Y, 7:91-103, 1074. 
authors have urged stri&er control of 6. Rlcbmona. N. g, ‘tl?. factor5 lrl Mall and 

Eis Environment,? in “Mlcroblology-1S74,” 
dfsc~rgestob~~ewaters*-etaL edlt&dbyD.SahL?a5b@r. dmerl~anl3o~fety 
(Ref.2) examfned bfncfdem of nd- 
biotic-resistant E. coli present at sites 

for rkfuObiOlogy, nra.dgto~, DLL. 1076. 
6. Smith, R W., ‘TncZdence In River Water 

along a fresh water river system and of Esc?~W~fu coZf contalnlng R ~%ct.ors," 
within the snlt water bay into which it NetUre. 388:1233-128% 1WOb. 
empties. Antibiotic-resistant aoliforms 7. FDC Docket No. 77N-0166, EIBR for USP. 
were detected in nearly all the fresh 
water sites sampled and inabout 50 per- . (cl R-pZasmid-bearing human and 
C@llt Of the Sdt ldX?r SbS. &arS found 

animal strains of bacteria overlap. Tfp 
ing of rmrface b&e&Z atigens fs used 

that i0 percent of the 194 strains tested 
contained R-plasmids carrying multiple 
nntibiotic reaistsnce which could be 
transferred ta sensitive SalnfO?zella tY- 
pltimuriuna, S?&ioella dw?nttviue, and 
E. colt. They alSo isolated ~OlifOnaS con- 
tninfng R-plasmid carrying resistance 
to chloramphenicol. Trari%ferabIe chlor- 
amphenicol r&stance fs a significant 
health concern since chloremphenicol is 
often the antibiotic of choice for the 

. treatment of typhoid fever. In Fearv’s 
sh,uly, the incidence of coliform orga- 
nisms appeared higher around heav& 
poptitedareas, but coliforms were aho 
recovered with eese from rural areas. In 
one case where partic@rl~ high counts 
were obtained, the sample was taken be- 
low a large cattle feedlot. 

as- n means of jdentifyin~ . bacterial 
strains. Three types of specific surface 
antigens are associated prith the E. colf 
cell: An “0” cell mull lipopolyssccharide 
antigen, 8 *K” capsular or envelope anti- 
gen, and an “H” fZageZZar protein antigen 
which occurs among mobile organisms. 
The antigens are characteristic of a spe- 
cific organism, and they serve to fdentlfy 
distinct bacterial types (se~types) with- 
in species. Their presence is detected by 
the ability of E: coli orgnnisms to h&U’- 
act with spedtlc antiserums. 

(i) Epidemiologic81 investigations-E. 
COB serotyping: (a) Despite the wide- 
spread occurrence of R-plasmids in the 
environment, some workers (BetteJheim 
et al., Ref. 1) suggested that human E. 
coZi and animal E. coli were distinct. 
These workers argued thfbt there were 
marked differences in serotype distribu- 
tion in strains isolated from man and 
animals: they also suggested than ani- 
mal strains of E. coli were not reach&g 
the human population or were failing to 

&plant in the bowel. More recent@, 
however, this same group, Bettelheim et 
al. (Ref. 21, compared the serotypes of 
13.139 strains of E. coli isolated from 
humans with the serotypes of 1,076 am- 
ma1 strains of E. calf; 708 different O/H 
serotype combinations were found. Of 
these, 520 were found in human strains 
only, 130 from animal strains only, and 
58 O/H seroQpes from hum&s and ani- 
mals. The authors concluded: 

The high levels of resistant coliforms 
may be of more consequences in the salt 
water since certain sectioxis are uthised 
heavily by fIshermen in harvesting fish, 
shrimp, clams, and oysters..Oystem and 
clams are of, prim&ry concern because 
they continuously filter water and con- 

. centrate baoteria in their gut and they 
areloften e&ten uncooked. 

Recent reports by Cooke &ef. 1) have 
also described a high incidence of resist- 
ant cohforms in marine sheWish and 
freshwater mussels. 

Therefore, the Director must conclude 
that the environment is heavily con- 
taminated with bacteria containing 
transferable R-plasmids. Man is exposed 
to the danger of acquirhrg R-plasmid- 
bearing coliforms from the environment, 
and the relative number of R-plasmid- 
bearing bacteria is increased both by the 
subtherapeutic use of rlntibiotics in ani-. 
mal husbandry and the use of antibiotics 
in human medicine. Antibiotic-resistant 
bacteria are now so widely distributed in 
the general environment that it is diftl- 
cult to relate their appearance to a par- 
ticular use, but any unnecessary practice 
that results In the ineffectiveness of anti- 
biotics for the treatment of disease 
should be eliminated. . 

1. Cooke, M.D., “Antlblotlc ResZstance 
mnona Collform and Fecal Collform Bscterla 
IsoZacd from Sewage, Seawater, and Marine 
ShellfIsh,” Antimlcroblal Agents and Chemo- 
therapy, 8:887-@@4,1878. 

2. Fesry, IL W., A. B. Sturtevant, and J. 
Lankford, “Antlblotlc-Resistant CoZlforms lu 
Fresh and 8alt Wate$.*l Archives of EnvZron- 
mental Health, 26:216240; 1972. 

3. Cfrabow. W. 0. E., and 0. W. Prozesky, 
“Drug Reslstunce of Collform Baoterla in 
Hospital and alty Sewage,” Anthnlcrobfal 
Agents and Chemotherapy, 3:176-180, 1873. 

4. Llntvn, K. B., M. IL Rlohmond. R. Bevan, 
. and W. A. alZZesple, “Antlblotlo Resistance 

and R Factors in CoZlform BnollZl Isolated 

At fist glance the results described Z.u this 
paper wouZd indeed support the view tZmt 
.human ind qimal streins of E. colt are 
largely dlstlnct. Second thoughts, however, 
suggest a little catption hi accepting the 
opIn1on too flrmZy. 

However thoroughly human or animal 
stooZs are examined. only a minute fraction 
of the total bacterial content is examined, 
aud lnevltably strains recorded as bebig lso- 
Wed tend to be those that predominate. It 
fs always probable that lf &xamlnatZon is 
continusd. further strairui map be lsoZated 
but after iui am&t of work tliat Is lmprac- 
tlcable In any ordinary investlgatlon. If this 
Is so, It is poaslble that many of the strains 
recorded as comlug from humans only or 
from a&u& ouZy might, with more dlllgent 
examlnatlon. be recorded ag present Zn both 
man and animals. 

RXFERXNCCS 
1. B&t&helm, K. A., A. hf. Bushrcd, E. 

ChendZer. E. M. Cooke. 6. O’FarreZZ. and R. A. 
Shooter, "Eschericirfo &oZf Sero+qp6 Dlstrlbu- 
tlon in Man and AnlmaZs.” Jounral of 
Hygiene, 73:467-475 1874. - 

2. Bettelbelnl, K. A., N. Ismall. R. ShZne- 
baum. R. A. Shooter, E. Moorehouse, and 
Wendj’ Farrell, *The Dlstzlbutlon of Sero- 
tvnes of Escherfchfa coZf in Cow-Pats and ~.._ ~~ 
Other AnhuaZ Mat&El Compared wlth Sero- 
types of E. calf Jsolatod -from Human 
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Sources,” Journal of Eyglono, 78:403-488, 
1978.. 

(b) Linton, Howe, Riohmond, and thoir 
collaborator% tRefs. 1 through 4) a&O 
conducted extensive epidemiological in- 
vestigations. They found a wide rang0 Of 
resistant and sensitive O-SerOtYPeS Of E. 
colt in cnlves, pigs, and poultry, and thoY 
compared these serotypes wltlr t,hoso 
found in the human intestine. The RU- 
thors found that many 0-serotypa com- 
mon to man were aZs0 common to one or 
more of the three animrrl speoie.TJ exam- 
ined. Thus, they concluded that it is im- 
possible to make a clear distinction be- 
tween “animally and ‘1hum8n” intesthlfbl 
strams of antibiotic-resistant 6. colt 
based on 0-serotyplng alone. More im- 
portently, the studies suggest a considOr- 
able overlap in the distribution of R- 
plasmid-bearing Oaerotypes in man and 
in animals. Moreover, the &me reshmnt 
serotypes, which predominate in the E, 
coli populations from healthy humnn 
and animal fecal sources, were also PreV- 
alent among R-p&mid-bearing strain8 
from clinical material (Ref. 5). 

Because the use of 0-SerotYPitE nlOfi0 
as an epidemiological tool has been orhi- 
cized on the grounds that it is incom- 
plete and inadecmate, Howe and Unton 
<Ref. 2) examined E. calf for the K and 
H fort&ens as well as the 0 nntf6en. 
They studied 00 strains, 17 chosen at 
random from human urinary tmot in- 
fections, 17 from human feces, and 66 
from calf feces, all belonging to O-tupes 
8, 9, and 101. The authors found tho 
same K and H antigens in certain stf’hihbt 
of the same O-types from eaoh of tho 
three E. co2f sources. Additionally, K and 
H antigens associated with these O-sero- 
types were not specl50 to antigens ns80- 
&ted with theso 0-serotypes were not 
specK?c to E. coZi isolated from humans 
or from calves. Although further sub- 
division of the three 0-ser&ypes WnS 
possfble by this means, the authors con- 
cluded that 0-serotyping alone provided 
a very useful means of dIstinguishhI 
strains of E. calf in a general survey. 

These studies show that a sbnilnr 
range of drug-resistant R-plnsmid-benr- 
fng 0-serotypes of E. coZf have beon 
found in man and the vnrfous &IIfmnl 
species examined. Furthermore, th0 
studies show that the ratio of drug- s 
resistant to drug-sensitive isolates wiul 
much higher in animals than in man 
(Ref. 2 and 6). Thus the abundnnce nnd 
diversity of drug-resistant R-plnsmld- 
bearing 0-serotypes in animals are much 
greater than that currently found in 
man, and the serotypes overlap. 

RXFCRXNCES 
1. Hartley, C. L.. K. Howe, A. H, Llnton, 

K. B. Llnton, and N. H. Richmond, ‘Pletrl- 
butlon of R-Plasmlds Among tho 0-Antigen 
Types of Escherfchfa ~011 Isolated from HU- 
man and AnimRl Source?,” AntImloroblaZ 
Agents and Ohemothcrapy, 8:122-181. 1078. 

2. Howe, K., and A. H. LInton, ‘“rho Dls- 
trlbutlon of 0-Antlgon Types of Eschcrfohfa 
coZf In Normal Calves, Comprod v&h Nan 
and The& R-Plasmid Carrlap,” Journal of 
Applied Bacteriology, 40:317-330. 1078. 

3. Howe, K., A. It Llnton, aud A. D. Os- 
borno, *‘A LongitudlnaZ Study of Eaohctiohla 
calf ln Cow-a and Calvea with Spoolal Rofor- 
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ence to the DlskJb~tlon of 0-Adlgen 8136 
Antibiotla RsLstace,” Journal of Applkd 
Bacterlohgy, 4%3’3I~. 1976a 

e. Llnto~, k E.., 8. Handley. a D. bsbome, 
B. G. Shaw, T. Ao Ro?xrlS, aud TV. R EUdSo14 
wodaDlluatlon or Pig carwsses nt TmJ 
Abbattolm by Eschawrirr COB wmi speclal 
Reference to o-s3rotgpe3 and AutlJaotk Re- 
s?stsnezh~ Journal of Applied BxterioIo~, 
4.2:~111. Isr7. 

5. Petrocheixou, V., and BC R tichmond. 
Thstrlbutlon Of RcPlasmids Among the o- 
Ant&en Type.3 of Eschdchfa Wli lOlated 
from varJous culllwl sources" AntlmJcro- 
bJnl Agpnts and Che1n0therapP.‘9:15,19’76. 

fj.Biswe,&A.ELMo~andAD.Gs- 
borne, Yhe 3Xect of Tetracycline on the 
col&r~~~ Gut PIor of Bra&r chickens with 
special Reference to Antiblotlc Beslstrrnce 
and O-Serotypes ‘of Es-b ~0%" Jour- 
Paz of Applied B3cterlOIOfg, 41:453-464. 
1976c. 

liiii) Direct ingestion evidence: Direct 
ingestion egperimenk have also been 
conducted to shorn that R-plssmid-bear- 
ing E. 420zi of farm origin can colonke 
the human Mstinal tract. In 1969, 
Smith (Ref. 1) concIuded th8t animal 
33. coli strains mere poorer at colonizins 
the idestine of man than were human 
E. coZfstr8lns. However, his observations 
mere based on a six&e vohmteer (him- 
self) and a smalI number of E. Coli 
strains. Cooke in 1972 CR&. 2). on the 
other hand. reported that it was relative- 
ly easy to produce f.emporaxy coloniza- 
tion of the fntestine by IL coZi strains 
from both human and animsl sources. 
She rep&ted the persi&?nce of an E. COli 
infection of m OtilZiIl in 8 hUIU8Xl 
vohmteer for 120 days following the in- 
gestion Df 8 very large dose. 

other exper.iml?nt8l studfes iRefs. 3 
and 4) confirm t&Et t.empor8l-y coloniz8- 
Uon occurs provided a large dose of the 
orga&msLstaken,bntthereisagreat 
deal of biological variation betTeen col- 
onlzation for different strains- and for 
different human individuals. In normal 
individuals the carriage of fntestinal E. 
cdi seem6 to foIlow a characteristfc pat- 
ten E6& person carries one or two 
resident strains that &abIisb themselw 
and multiply for months or years. In ad- 
diMoR four or more transient strkins are 
present for 8 few days or me&z. %rains 
disappear and are replaced by others. 
Somctitnes, under antibiotic pressure. a 
new stain suddenIy take6 over. kkr dis- 
appearbig. Stzains of E. coli thus difKer 
in their abllitJr to cdonize man. Although 
some str8in6 are not melI adspted to col- 
onize mm, others z.re abIe to live in hu- 
msnasmelIssiuanimalfntesUnes.The 
greater the diversity of Rplssmid-bear- 
ing 0-serotypcs that reach the consum- 
er, the greater the probability that one 
more of these antibiotic-resistant strains 
wlIl be capable of colonizing man. 

ReamMy, Linton, Home, Bennet, et aI. 
EIef. 5) demonstrated that antibfotic- 
resistant E. coZi found on a commercialiy 
prepared chicken carcass colonized the 
intestinal tract of a human volunteer. 
Two strains present on the chicken ear- 
CQS handled and eaten by-the human 
vohmteer mere suh6ec~~entI.y escreted by 
hq. Both strains were undetectable in 
the human before contact .mith ihe chic- 
ken carcass. Thestdns were shown to be 
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identiuxl in chIcken olld man by conwar- 
ing their serotypes (0, & and H mtb 
gens) andR-p=TheplnsmIdcom- 
~kmenta were dekrmined.to bo identical 
by electron microscopy and rcstrfctton 
endonucl~e p3ttems. RestrIcti0n en- 
donucleuses are enzymes that eksvc D2TA 
at specific sites. Physiochemical tech- 
nigues then visunlhe these pIa%nfd frac- 
merits. The identity of these Nsnmfd3 
can be determined by a compnrfzon of 
the DNA f.ragnents generated wing re- 
stricMon enzymes lvlth dimrent IecO~- 
nition f3xmmws. The Ltnlon study al241 
sug&ged that the handllng of the un- 

cm-ass prodded a greater oppor- 
tami& for transmMon than does errtlng 
woked meat. The t&r&s per&ted for IO 
dnss and the process occurred without 
feeding any nntib~otlcs to the voIunteer 
durhx the study. This is con&tent with 
reports of Salmonella infections from 
animill solJIze3. 

1. Sdth, H. XV., ‘Transfer of AntJbloUc 
R.wJstnnCO ZL’OLII Farm AnlnUts und EUUKKZ 
Stnhs of Eschcrkkia colt to R&dent E. co!f 
In tJl0 AlImL?ntalry lklct ln xunn,w Imm?t, 
1:11%-1170,19G3. 

2 CooIio, 32. hf., L 0. T. EettJnrafcby. aud 
c. A. Btzclr, Two or Y&y&d &xhawbfa CON 
lxx Normal Pcrmn~,” Joor& of Mcxllc31 
M&obloIo,~, 6:30l~C3, 1072. 

3. Auderson, J. D, IV. A. Glllc~lo, rind 2X. 
& Rlcbmond, “Clxmothcmpy and Antlbl- 
OMC-ResJshnw !lXmSer batmen l3b.ro- 
b3cterl3 ln tbo aumnn Goo~ln~ 
‘D-act,” Jouronl of Afcdlc3f Ukzoblolo,S. 
6Z491-4’13. x973. 

4. Anderson, J. D.. &. C. a AL R. 
RkJunond, rind B. WJedemmn, %hrdJu on 
the N&aro of Phsmlds Arise from Conju- 
gutlon ln tbo Ennun Gcdro-lntctlnnl 
‘Dnct,” Journnl of IifcdI~ Utcroblolo,~ 
6:476-M& 1973. 

6.Llntnn. A. a, E EoP& P. 2s. zanett. 
AL E. Rlcbmwd, and E. J. Whltzlde, “l%o 
Colonlmtlon of the Rumnn Gut by Antl- 
blottc Rcsktant &shrfchfa coff from Chfck- 
~3,~ ln press, 1077. 

(iii) In viva stUdh?s show that R-&s- 
pitas transfer from E. cd to pntl~ogens: 
The inmstlon of Ft-plasmid-conhlnlng 
bacteria can result in in viva R-plasmid 
tmnsfer to the normfd fnt.csW ffon 
When this ocaurs, the E. calf constlhde CL 
reservoir of orgon3sms capable of trnns- 
ferring R-pnsmids to intestinnl p3tho- 
gem, e.g., S8Imor4eU8. The ln vlvo tmns- 
fer of R-pbximfds has been demonstrated 
in sheep, mice. calves, pigs, chIckens, 
turkeys. and in the human alhtwntary 
trnct CRefs. 1 through 8). Generally, in 
viva transfer is not os reMlly dctectabIe 
8s in vlho transfer. In the nbzence of 
drug Sdectio~ the rate of in vivo R 
factortxansferisw&?rallylo~,nndlarge 
numbers of reslstnnt donors may be re- 
@red for transfer &zfs. 1 and 0). Dem- 
bnskations of in v&o kunsfer have 
usuaII~ been nchievcd by fimt modlfylw 
the nomud fXox-8 of the nllmenktry tract 
by feedfng antiblotics, by starvntion. or 
by nslng germ-free mice or newly 
hatched chicks, and &-se procedures 
prolkihly counteract the inhlbltory ef- 
f&s of biIe snlts, fatty ncids, ucld PH. 
and anneroblc condltlons of the normnX 
iJltesthlaI tmct. 
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TheseesReIimen~resultfsm8ynotba 
atmeindfc8tfonoftheextentofR 
plasmId transfer fnnaturalpopnlatxon.s 
she they often involve iudMduaIs who 
mo e..o3etX to restricted nmnbers 8nd 
types of donor and recipient enw%ms. 
In some in.53 the methods vxre not 
,tit.abIe for the detection of Iow Ievei 
fa-anafer. Hovzver, Smith and ‘Iucker 
(Ref. 9) stxxdied the effect of antibfotic 
theriwy on the fecal excretirm of Salmo- 
nell~ by experimentslly iofected chfck- 
ens. The author3 fotmd that R-plssmid 
azslstace developed in the fnd&wous 
E. calf and that very simiku r&s-e 
P~tkrnsthtmdevelopedintheSalmonil- 
ln.TheseresuX3wredrrpUcatedinsome 
of the studfes submitted by the himai 
Health Institute, v~hich are also dfs- 
cmed in depth under Part IV- B. belom. 

R@s of the frerwmcg viith 
laIch R-pla!unid transfer occurs in the 
ubxnce of mcdlfyiag iptInences ft hss 
occtllfed and given rise to antfbfotfc re- 
ci5tnnceinb3cf.e4erIrr.c.ludfngp3tho,~ 
The conditions of the Smith and Tucker . 
ctudh mimk thase brou&t about by 
the pmctice of feeding subtherapeutic 
lewls of penWlfn and other anKbfotics 
to fuJima. cLll8t pmcMce lends to En fll- 
crcnse in and selection for R-pkimid- 
bm orgmbm, and it the&ore in- 
LX-WCS the prokbility of iu v&o R-p%- 
Ld knsfer to pz~thogens. 

ItSZZZXWS 
1. A~~ndcr%q J. D, ‘X. A. GtlIeq~Ie. rind 

U E. RJcbmond, “chemothe.rapy and Anti- 
MotJc-RcXstnnce Tmozfer bstzeul Eden- 
bxtcrln ln tho HUI!XUI Giutzo-inkst!naI 
Trnnt.“ Jounrnl of l!.f~dl~X Mfcrobfo&T. 6: 
491-473.1973. 

2 Gnlneo, P. EL, “Trder~dw~~U.~ 
Dru~RtiWcofromE 
moneJZa .t~hfmurlwb Jn the Uouse Intes- 
tlm,” Anto~Jo van Lm?ur~enboeE; Jom-nzI of 
?.IlsaobIoI~ and scrolw. 3l:W~332.1965. 

3. lfllcnm xx, YL.R37M~OfDmgBesLst- 
num bctmcn Rntnrlc Bncterfa fuduced In 
t.bo Uourn lntmtti.” Joumsl of Bxterfal- 
0;5. 38:332-331, mt.% 

4. Nlsnrr. SC., BL D. YorE. and B. 9. Pam- 
troy, -.rn VJtro and Da VIVO TraDsf3r of Dm6 
~trmm~omSuZ~4ne~aandEsclrerfchk 
COM SknJm ln TurXzeys,” Axrmfun Jonmd 
of Vctorimry l?mxrcb. 37~433-437. 1976. 

t.S~T.O..nndL.Klemm,?lhE+ 
fcr of AatlblOtla zcsl&=x (=-13Ef42) a 
tbo xirouso Data& pmceedln6s of the So- 
cloty fur SLqmlmantol rind BJoI@x%X h&U- 
clne. 12fk392~94.1968. 

0. smltb. E. rr, -rrmlzfF Of~ybtab 
l’tczlzti from Farnx AnlaWs 
Sfmlno of Ecchmlchfa WU to E&dent IL 
co!f Jn the AxlmcFitors Tra.2 ln m Iancet 
x:1174-ll79. ISEf. - 

7. smith. 11. v7- v&o -3r of Antl- 
b!ot!a Rc;Lstyrco betmen Strnlns of Entero- 
bxtcrh ln C~!I%CIW, C%lres. audPl~” Jour- 
nal of UxllmlEncrobloXc~ 3:X5-180, ISlUr 

8. ‘Xnltm~ J. R., “In VJro ?JtiuHer of In- 
fcctlro Dnzz I?nLsW;* Kahfre. 211:312- 
313.13w. - 

0. Smith, E IV., und J. P. Tucker, ‘The Ef- 
fect Ot hd.ltdOtlC Th‘3UDV Of tb0 Fcrecal EX- 
&&on of Salmonel~ <~hfmurfum bra- 
pcrlmentnX.lg InCccted LIXklcke~~,” Jomnpt of 
Ii*eno, 76:275-222.1973. 

(iv) R-p&mid comlntibillty studies:’ 
Another PDA study E&f. l.J examJned 
the wmp3tlbiXlty pro~~~%es of more 
thfm 100 R-plssm¶ds from E. COH and 
Salmonella belated from at&a& in or- 

JO, 19n 
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der to determine whether the plasmids 
are ‘related to those isolated from man. 
The usual method of genetically class& 
fying plasmids is based on their ability to 
exist with each other in the same bacter- 
ium. Genetically unrelated plasmids can 
exist in the 8ame host, and they are 
called compatible. On the other hand, 
related plasmias cannot coexist, and 
they are called incompatible. Plasmids 
belonging to the same incompatability 
group are presumed to be related. 

The FDA study showed that the R- 
plasmid incompatibility groups seen in 
animal isolates show the same distribu- 
tion as those found in human isolates. 
!l!his suggests that human and animsl 
;gktiz populations contain the same 

.A mori direct apporach for examining 
the relationships between plasmids fs to 
meaeure the proportion of DNA se- 
quences (that 4 the number of similar 
or identical genes) that are common to 
any two plasmids (DNA-DNA hybrima- 
tion) . R-pIasmids belonging to the same 
incompatlbfflty groups of human and 
animal origin are identical when exam- 
ined by DNA-DNA hybridization tech- 
niques (Reps. 2.axd 3). Restriction endo- 
nuclease activity has also confirmed the 
slmilarlty of R-plasmids isolated from 
enteric organisms of human and anima1 
sources (Ref 4). Therefore, the Director 
must conclude that R-~kismlds of hu- 
man origln are indlstinguIshable from 
those of animal origin. 

‘1 REFEEENCE~ 
’ 1. FDA contract 223-‘IS-‘i310. 

a. Anderson, E. S.,‘G. 0. Humphreys, and 
G. A. Wllbhaw, *The Molecular Relstednws 
of R-factan in Ente~obecterla of Euman and 
Animnl O~gln,” Journal of General Micro- 
biology, 91:378-38S 1076. 

3. Grindley, N. D. F., G. 0. Humphrey& and 
E. 8. Andemon, “Nolecuiar Studies of R-fac- 
kor Compatlblllty Groups,” YoumsI of Bao- 
torlology;l16:307-S03, 1973. 

4. Orofa, J., J. Olarte, L. Nata, II. Lultrop 
rind hf. Penaranda, “Character&atlon of an 
R-plaemid &o&ted with Amplctllrn Re- 
8Iatance ln ShfgeZZu dysenteffae Type 1.” An- 
~16ml~n16b&l Agents and Chemotherapy, 11: 

(v) Hazards: Although antibiotic-re- 
sistant E. coli in the intestinal tract of 
humans may generally cause ncrimmedi- 
ate problems to an individual, under 
proper circumstances their presence may 
lead to dangerous situation& For exam- 
ple, E. calf is the mostcommon cause of 
urinary tract infections in man and 
commonly arises from a person’s own in- 
testinal flora. While sulfonamides are 
genera.lW the drug of choice, a signi& 

_ can% number of infections with sulfona- 
mide-resistant strains are now reported, 
necessitating treatment with penicillin. 

Resistant E: calf in the intestine of 
man also constitute a reservoir of orga- 
niWns capable of transferring R-plasmids 
to intestinal pathogens. Perhaps the 
greatest basard to human health arising 
from the use and misuse of ant~iotics is 
the large reservoiF of p+nid-mediated 
resistance genes in the normal flora of 
animaIs and man and present in the en- 
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vironment-resistance that can ‘be 
transferred from nonpathogenic to 
pathogenic organisms. 

In recent years the emergence of R- 
plasmid-mediated resistance fn danger- 
ous pathogens has been identified in 
epidemics around the world. A strain of 
Salmon&a typhf t2amchw an R-pla‘smid- 
mediating resistance to ChlOramPknicOl 
caused an epidemic of typhoid fever in 
Mexico. Transferable chloramphenicol 
resistance has also become common in 
5’. typhi isolated in India, Vietnam and 
Thailand (Ref. 1). The recent epidemio 
of drug-resistant Shfgella dwenterfa in- 
fection in Central America (Ref. 2) is 
another example of an epidemic disease 
that was no longer susceptible to treat- 
ment by the antibiotics that bad pre- 
viously been used for its treatment. 
P&mid-mediated resistanca has been 
reported in stiraim of 33ordetelta bron- 
chfseptica (Ref. 31,and FDA scientists 
have demonstrated p&mid-mediated 
r.esistanca to penicillin, tetraayOe, 
streptomycin, andsulfonamide in strains 
of Pasteurellcz multocidc and P. haemo- 
@tica, both of which cause serious dis- 
eases in animals (R&S. 3 and 4). 

Recent studies (Refs. 5 through 12) 
have also shown that the genes @e&y- 
ing resistance to ampicillin. tetracycline, 
kanamycin, chloramphenicol. trimetho- 
prim, and streptomycin reside on DNA 
sequences that are able to translate or 
move from plasmid to plasmid as a dfs- 
Crete unit;or from a plasmid to the bat- 
terial chromosome. Therefore, in addi- 
tion to movement of resistant bacteria 
from animals to man and the transfer of 
R-plasmids between bacteria, the genes 
that reside on the plasmids can them- 
selves migrate from plasmid to plssmid 
by translocation. Furthermore, an 
R-plasmid does not have to be main- 
tained stably within a cell to donate its 
resistant genes to a recipient cbromo- 
some or an indigenous plasmia. 

Most bacterial species possess in- 
digenous plasmid gene pooh. In fact, 
plasmids have been formd in all species 
of bacteria examined. The function of 
these plasmids is often unknown, but 
they could serve as effective recipients for 
the insertion of tram&&able genes. 
The recent emergence of ampicilhn- 
resistant strains of Hakumhffus fnllu- 
enzae and penicillin-resistant strains of 
Neisseria gcmmrheat? represent alarming 
examples of the extension of the R- 
plasmid genepool (Reps. 13 and 14). The 
resistance genes found in both species are 
identical. tc those previously found onls 
in E. coli and other enteric organisms. 

The World Health Organization Pro- 
phetically warned (Ref. 15) : 

T&I point will &mately be reached at 
whm the transfer 6f r&stance to pathogens 
becomes Lneoltable and the larger the pool. 
the greater is tbfs possibility. Moreover, the 
wade the dlstrib$tIon of. Rf (R-f-r) 
@&robacterla thy greater the posslbluty 
that R-p~asmids may-emerge that can cross 

.blologlcal birrlers 60 that they can perhaps 
enter bacterial speclw and genera apparently 
widely different from their OrlgiUil eRt4UO- 
bacterial hosts. 

R!ermENcE3 
1. Anderson, E. 8.. 0. 0. Xumphroys, snd 

0. A. WIlUhaW, “The Molccult~ Rclnt&la&A 
of R-factor6 in Enterobactorla of Human and 
Animal OrIgln,” Jcumal of Gonoral Nloro- 
biology. 91:378-382,1076. 

2. Gangames, B. J., D. Penoroa, L. Natn, 
C. Morrison. G. Guzmnn, L. Rellor, “Epltlomio 
Shiga Baclllui~ Dysenky In Central Amcrldat 
II. Epldemlologlc Studies in lOso, Journnl 
of InfectlousDlseascs, 122:181,1070. 

3. Terakndo, N. EL Azochl. It. Nh~omiya, 
and T. Shlmlzu, *‘Demon&ration of R-fnotora 
in BordetelZa bronelrbepUco Isolated from 
P&V%- Antlmlcroblal Agonte asd Uhomo= 
therapy, 3:666-660.10’73. 

4. Silver, R. P., B. Lemlng, U. Eforpo, “I+ 
plasmids In Pasteurella multoefda:* Baat. 
Pmo., p. 141,10?7. 

6. B&b, P. T., N. D&a, R. W, XO&‘OS, 
and N. J. GrInton YJYneposltlon Of I) DC- 
oxyriboriuclolo Acid Scquonco Enccdlng Trl- 
methoprhn and Stroptomycln RO~&I~JUIM~ 
from 8483 to Other Ropllcons;* Journal 61 
Bacteriology, 126:800-810,1970. 

’ 6, Berg, D. P, J. Davlos, B. Allot, and J, D. 
Rocafdx, 9mnsposltlon of R-factor aoncs 
to Bacteriophage,” Proceddings o/ tllc Na= 
tfonal &x&mu of Sefences ol the U.&A,, 
7!2:8828463!& 1676: 

7. Foster, T. J., T. G. 8. Xowo, and MI. X, 
Richmond, VrcknBloCatlon of Toh’aoyo~hlo 
Resistance De+enulnanf from RlOO-1 to tho 
8sche+fohfa coli K-la Ohromosomo;’ Journal 
of Bacteriology, 124:1163-1160, 1076. 

8. Gotteeman. bf. IA., and J, II. Roenor, 
“Acquleltlon of~~m.o&mhmnt for ohlo- 
ramphenkol by Collphago 
Lambda.” Proceedlnge of tho Natlonal Acad- 
emy of Sciences of tho US& 72:6041-6046, 
1976. 

0. Hedges, R. W., and A. E. Jacob, ‘Tra!uJ- 
position of AmplcUn RcsIstanco from RP4 
to Other ReuUcoas.” Noleoular and QOnOral 
GenetIcs, 132:31-40,1074. 

10. Heffron, P., R. Sublott, R. W. Xodgc#, 
A. Jacob. and 8. Falkow. “Orfffln of tho TEN 
Beta-laci.amaso Gono Found-on Plasmida,” 
Journal of Baoterlology, 122:26&260, 10% 

11. Eleckner, N., R. K. Ohan, B, I. Tyo, 
and D. Bot&eln, “Nutapcneala by IILWrtbn 
of a DN~ Rcsistanco Elomont Carrying an 
Inverted Repetition,“ JoUrnal of EdOhOUkU 
Biology. 97:661-616,1076. 

la. Kopecko, D. J.. and 8. N. Cohon, “tllto- 
SpeciBo RecA Indopondont Rccxunblnntlon 
Between Bactorlal Plnemlds: InvolvOmont OK 
Palinodmmes at tho Recomblnatlon tool,” 
proceedings of tho Natlonti Aoadomy of 
Science6 of tho U.&I., 7’d:1373-1377, 1076. 

13. Elwell. L. P., J. doGraaf!, D. Solbort, and 
8. FaIkow, T%i8mid-Llnkod Amplolllln Ro- 
sJstance In Haemgrhflus fnjluonzaa Typo “D,” 
Infeotlon and Immunity, 19:404-410,1076, 

14. Elwell. t. P., N. abort-s, L. W. Nay6& 
and 8. Falkow, “Plaamld-mcdlatod B-lnota- 
mace Production Ln NefsserfGl gonO~hCUu,” 
AntlmlcrobJal Agents and ChomothoMpy, 11) 
1077. 

16. WX.0. Report ‘Public Xonlth Aspoot 
of AdtIblotlc Reslstanco in Envlromont,” 
IWf$OMl OfaCe for mOp0, cOpOnhn&On, 1070, 

4. Dfrector’s conclusfons. The holders 
of the approved NADA’s for subthera- 
peutic penicillin-containing products 
were required to show that the subthera- 
peutic use of penicillin does not increase 
drug resistance (increase the pool of R- 
plasmid-bearing) organI.sms in animals, 
If they were unable to show that sub- 
therapeutic penicilhn use does not in- 
crease the pool of R-plasmid-bearing or- 
ganisms in animals, the holders woro 
then required to show that the R-plas- 
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midss.renotlransferabIefromanimals 
tbmanTheyfatledtodoanyofEbis. 

The e9sdBncB shows that the pool of 
R-plasmid-ati - Pall&u- 
larlyinE.pdi,is~~,&that~e 

.ZncresseisdueatZeastinparttothe 
subtherapeutic use of panicZhin in ani- 
mal feed. Further evidence shows that 
E. coZf contribate t&k Rcplasmlds to 
man throughhis direct contact WithnnI- 
mals. through his direct contact with 
E- odf-co- food. and by 
widwpmd presence of the R-p&u&is 
3n bacteria in the Bn9ironmBnt. studies 
also show that there Is no strict dMZnC- 
tam between the IL wli that colonize 
animslsandthosetbatinfectmarL0n 
the contrary, there is considerable 09er- 
Lry>iIltbWBStrans,and~fSalsO 
an overZap in the e.nkric baczs- 
-populatipninhnmans 
ruak This evidence is derived from epi- 
demiology studies, bacterial Zngestion 
studies, rtnd oompatibility studies of the 
normaI fntesunal flora of man and ani- 
mals These bad&a may donate their 

,- R-plssmsdtopathogensinmsnaudani- . 
mals even when transient, and the 
l?ADA holders have submitted no evi- 
dence on the degree of coZonizatfoa if 
aw.thatisnecessarsf0rthZstransfe.r 
to -ciccur.-Accordingly~ the Director con- 
diodes that the holders of the approwls 

_ for the subtkrapeutZc penicZUZn-con- 
taining products for use in animaZ feeds 

_ have failed to satfsfy the requirements of 
§ 558.15 and critcrioIl1 Of thZs notice. 
23. Shedding and Bwfstunce Chuructcr- 

f.a.w of saammena orI!ritetfon 2) 
1. Ba&growa& A second area of con- 

possibility that the iubtherape~tfc use 
of antibiotics In anhnaZ feeds may lead 
to an increase In the duration or quan- 
t&v of live SalmcneZZa excretf$ by the 
animaZreceivfngthedrWs),whichwZU 
increase contannnatfw’of the environ- 
ment with pathogens. Th5.s concern wa.3 
generaw in part by reports thnt Zulu- 
biotic thempy in human saZmoneZZosZs 
patients had resulted in prolonged SaZ- 
nwneZZa sheddhig and favored the ac- 
quisition of r&stenee in SalmoneRa 

I Asexkoff and Bennett CR& below), for 
example. presented data on the effect of 
antibiotic therapy on the ‘BxcrBuon of 
SaZmonellia in the feces ,of human in- 
fected with acute sahnonelMis. Follow- 
lng a large S. igphinuuium epidemic 
caused by eating oonWninated chicken, 
feces of untreated patients and p&ieuts 
treatedwithMrac~dim.ampfcilltn, and 
chloramphenicol were examined for SaZ- 
ntmdZa, and the antiblotfc susceptibihty 
of the S. tmhimurium s~aius was deter- 
mmea Pathmt.5 generally received the 
recommended regfmerl or autibiotlc 
therapJr Cl~peraao).FecalsampZ.as 
from 87 patknts not receivhrg medica- 
iZonand185patient.streat&tithant3- 
bioUc5 mere examined, Of the patients 
tresrtedwithan~fo~65percentwere 
l?ihBdcllugsuzmon4?zzal2daysafterin- 
fectilxLand37iItmntw~posftme31 
daosdterlnfection.Intheuntmated 

~mhlenfa however, SaZmmdZa shedrung 
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was obscrvcd 3n 42.5 percent nt day 12 
and 11.5 percent at day 31. 

Antibiotic therapy also tivorcd the ac- 
SufsltIon of drug l-whtmlceby the hucct- 
ing strain of SaZmoneZL4, whkh vu3 Ln- 
iti8Xy susceptible to antZhlotZoo. Of the 
patients recehdng antZbotZcs, X(1 cScr&d 
r&stunt SaZmoneZZa, whUe none of the 
87 untreated patients escrctctl rwl3mt 
SalmonclZa <P<.05).ThC antmlOUC fc- 
sktance acqufrcd in the .SaZmoneZZu 
strain was shown to be trmsfmbtc. Be- 
cause anUbIotlc treatment incrmsed 
shedding in human sahuoaello~ls, FDA 
became concerned thnt subthempeuUc 
antiblotsc, pE+xx!cillbl) fldmmstruuon in 
anbnal feeds would pmlonc SaZnmncZZa 
sheddh~g in nrdmrds, and for thZs reason 
the agency established crlt@rion 2. 

-cc 
~sorkoff, B, and J. V. Bcnnott, “(Eoect of 

Antlblotlc Tllcmpy ln acutc s3lmoncIlffib 
on the Fecnl ExcEcffon o! &~lfnonU” NOW 
England Jourti of AW~ICII& 18l:UM40, 
1969. - 

2. CrfterZou-(a) ShaWZng. ControIkd 
studies were to be deskned to detarmine 
whether the admlnktratfon of an anti- 
ba&?riaZ drug at subthera~eutic 1ewI.s 
would msidt in an increase In the mlnU9e 
qua&its, prevo3ence, or duration of 
shedding of SaZmoneZZa that arc patho- 
gens in rtnh.n& SuZmoneZZa arc often 
found in the Zntc.vtinal tract of man and 
animals. and the smaU IntestZne and 
colon are the prhnery sites of muZtW- 
cation. After penetrating the eplthchal 
hfng, they muZtZpZy and e&It an Zn- 
flammatory response. Most SaZmoneZZa 
infections are limited to the glrskoln- 
testlnal tract, PmdUcsnE the clinkas 
symptom termed “6r&roentcrlUs? On0 
of the more common stmius, suZmonczZa 
typhimurfum, cnusea diseases in both 
man and anZmaZs. 

When an animal is iufectcd with these 
bacteria, the hve organisms are excreted 
in the feces (“sheddlud’). The qunntlB 
of SaZmoneZZa in the feces cnu be detcr- 
mined by a bacteriolo&aZ pmccdure 
termed a UEtandnrd plntc COIL&~ A spe- 
cisic amount of fecal materinl b dlhlted 
and smwd on a semLsoUd b3cterle.l 
grow& medium which is seIectl9e for the 
growth of SaZmonelza. titer a 6ufiklent 
the for 2roa lmUvZduaZ color&s an3 
counted and recorded as the number of 

, 
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SaZmoneZZa per gram of wet feces- The 
arox3ortion of nntiblotic resMant SaZmo- 
ieZia in fecal specimens is independent 
of the suantity of sahuoneha shed 

(b) Resktance CharaCttiscs. Con- 
tmTZed studkx wsre to bedt?s&ned to de- - 
termine r;hether the adminisvtrvbation of 
penicillin at aubtherapeutk 1eveZs would 
rwult in 811 inme in the proZx&ion of 
antiblotZc rekitant SdmQ7zeZZa. SaZmo- 
neZZa L;oZated from feces can be tasted 
for their susceptU3ilZ~ to various anti- 
bloffc drugs. Escherichia coZZ,‘a normal 
component of the ZntestinaZ ffors. were 
also to be examhred to determiue their 
rezktance spectrum slnmce oral admhk * 
ldratlm OS certain antibiotfes, whether 
nt therupeutic or subtheraWutic IeMs. 
hasbeenshowntorestdtfnaninncreased 
pmportion of lnd&?nous E. coZi f&t 
contrdns R-Plrrsmfds. These E. Coli can 
ECLVO as a re;er‘i’O~ Of R-pZssmtds that 
cnn be transferable to other E. coZZ or te 
SaZmoneZZa. 

3. AHI Studies 011 the Effects of Sub- 
therapeutic LmeZs of PenZcZZZZn in AnimaZ 
Peed in Chf&??u. on behalf of the 
m.DA holders, the Animal Health InsK- 
tute submitted the foXoivln.5 study to ad- 
dress the critedon. 

(CL) Em~enifzZ de.sZcn. The AnSmal 
He&h IktZtut..e aubmftted an eXE%i- 
merit in w&h the e&&i of subthem- 
wutic kve.ls OS smcafne smdcXXn With 
Or without streptomycin) in feed were 
invcstimted. The dumttau, quantity and 
antIbiotic susceptibility of a SctImRu 
Gtraln illocuhted into chlcken9 were - 
coru$ig..ti..edfcated and xmnmedi- 

Also, FDA suedtIed that prestudy 
tlndiue) E. cati snUbSotfc IX&S&EB 
levcIs should be under 20 percent. ThZs 
wdue 9795 thou&t to rn-dvide a ma- 
&ma& level f& det&t&r auy change 
in the amorme of anuldotfc -cB 
rcsultiuc from -tioIl of sub- 
thBr3oButzc Kulubfouc levels stuce. if the 
InlthiR-plasmfdlevelistmhf@,ixmall 
change inresidanceb dlfkulttode- 
tcct. _. 

whne others served a5 t?.nvzmnmfmtal 
wntrok~. l-day-old chfcks were divided 
intosk&muP.%artiflczalzyinff?ctedwith 
SuZmoneZk Each group received mfxK- 
cated or no-ted diet, according 
to the foIIoMngplan: 

- Groups A snd B were wed to de- 
termtnB the innuenco of penfcMn or 
peuiclllin-streptomycin on chcddiug 
after emerbnrntal infection and the de- 
veIopment of drug rizsistvlce by Sal- 
moncZZa and E. calf, with group A serv- 
tug as a nonm&M contml group. 
Groups C and D were controts used to 

monitor the txmironmfmt. end the f2Kecf.s 
ofthedrugslntheabsenceofcxperS- 
mcnkd infection. To sssure the absence 
ofnatalml4owun-iu 
to the study, the s&E%% 
study Iceal samples. The sampk!s were 
6rowniuaseZectlvemedZ&brfZhantgmen 
aI;wtandsemQWqrwssaRodcole.Bp 
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group were posltlva for 5. twhimuriu~ 
The results remesfat statistl~ shinif- 
icant difPeren&s (P<.Oll beheexi the 
incidence of Salmonella positive samples 
in the treatment group and in the non- 
medlcated.control group. 

Duration of shedding was measured qby 
determining the length of time that fecal 
samples were positive for Salmonella, or 
analyzing the thne required for quantl- 
ties of Salmonella shed to reach a com- 
mon value. At least three nonmedicated 
birds shed Salmonella in their feces 
throuehout ‘the exueriment. and four 

this procedure, the birds were determined .._ to be negatlve for SahnonelIa before the 
experiment began. and eny bacteria sus- 
pected were further tested biochemically 

.ancl serologically. 
The lnfccting Sal~ZZu (S. &phi- 

murium 289-1, a poultry strain, chromo- 
somalls resistant to nalidhdc acid and 
sulfonsmldes~ was given by oral gavage. 
Fecal specimens fmm each chicken were. 
dllukd in phosph&te buffered sahne and 
uppropriatc dflutlons were spread on 
growth medium selective for the nahdixic 
acid-resistant S. ti~himurium used to 
infect the birds. The number of Sahnon- 
ells growing on the medium was re- 
corded es the number of S. tgp?&imurium 
per gram of wet feces. 

Presumptive E. coli isolates were ob- 
talncd from EMB plates inoculated with 
diiutcd fecal material. The antibiotic re- 
sistance spectrum for E. coli isolates wes 
also measured in accordance with the 
standardized Disc Susceptibility Test set 
forth hl 8 460.ltc) (2) (21 CFR 460.1(C) 
42,‘) for amplclllin, tetramclhe, chlor- 
amphenicol, kenamycm, nltrofurant.om, 
streptomycin, sulfathlaxole, and triple 
sulfa. The E. colt isolate% were tested ads 
twice prior to infections and once at the 
termination of the study (28 days), while 
the SalmotielZa isolates were tested nine 
times during the study. 

salmonella isolates were selected fmm 
the selective medium, brilliant green 
agar plates contalnhrg nalldixfc acid, and 
were serotyped. Antibacterial susceptl- 
hilily t&s for ampicillin, tetracycline, 
chloramphenlcol, kanamycin, nitrofu- 
rantom, streptomycin, sulfathiazole, and 
triple sulfa were carried out in accord- . ante with the Standardized Disc Suscep- 
tlbfflty Test ln~ 460.1(c) (2). The isolates 
were tested on days.2, 4, 6, 8, 10, 13, 14, 
21, and 28 of the experiment. 

Clinical records were maintained on 
body’ weights, disease symptoms, mortel- 
ity. and cross and microsconic patholopru. 

-ib) tiZ*s summary of t&e 6?.w&k <i>. 
Shedding: Iuitially. on day 2, group Bi 
(penlcilbn 50 grams/ton) shed a ’ geo- 
metric mean number of 10’ Sahnonella 
per gram of feces; and during the re-. 
mainder of the study, the geometric 
mean shed by the-group decreased stead- 
-ily. At the end of the study, the number 
shed wss below the reliable limit of quan- 
tltation, less than 10’ organisms per 
gram of feces. Group A, the nonmedi- 
cakd control group, on the other hand, 
shed 10’ organisms on day 2. and con- 
tinued tc shed a greater number of or- 
ganisms than the treatment group jP< 
,051 throughout the remainder of the 
study. None of the environmental con- 
trol groups, groups C and-D,., shed de- 
tectable amounts of Salmonella. 

The prevalence of S. twhimurium was 
estlmatcd by comparing the fraction of 
Salmonella positive fecal samples in the 
penicillin treatment group (group BJ t.c 
that for the nonmedicated control group 
(group A) from all samplings. Thus, 69 
out of 90 specimens (77 percent) ex; 
amined frolg n&medicated (control) 
anhnals were positive for S. typhimu- 
tium, w.hlle only 36 of 61 specimens (41 
percent) Ln the penicllhn treatment 

h?re Positive 28 days after infection. In 
contrast, by day 12, only one bird receiv- 
ing penlcSlhn was positive, and none were 
bOsltiVe on day 28. The length of time 
positive counts persisted was SignhI- 
cantly longer (P=.O5) in nonmedicated 
controls than for the penicillin-treated 
group. 

Liver, spleen, and cecal tissues from all 
animals were necrcpsled, and samples 
tested for Salmonella. AU tissues were 
negative. 

The AER concluded that feeding a diet 
containlug a subtherapeutlc level/(50 
grams/ton) of penicillin tc chickens that 
were experimentally infected with S. 
twhimurZm did not increase the auan- 
t&y, shedding, or prevalence of -Sal- 
.monella in fecal specimens, nor did it 
increase the quantlty.of Salmonella lso- 
lated from liver, spleen, or cecal tissue. 
In the opinion of the ABI. the evidence 
.from this studv suetzests that subthera- 
peutic use of pen<& in chickens re- 
duced the quantity, shedding, and preva- 
lence of Sahnonella. 

(ii) Resistance characteristics: .(a) El 
coli. According to the two pretreatment 
samples, the proportion of E. coli iso- 
lates that were drug resistant was low 
(below 6 percent), except for resistance 
to sulfonamides which wes greater than 
85 percent. But at the experiment’s end, 
AHI found that the resistance to ampi- 
cillin, chloramphenicol, kanamycin, and 
nitrofnrantoln was significantly higher 
(P<.Ol) in the penicilhn environmental 
control groups CD,) than the control 
birds (C) . Amplcilhn resistance also sig- 
nificantly increased in the infected birds 
that received- penicilbn. Resistence ‘to 

‘sulfonamides remained at the pretreat- 
ment level of greater than 85 percent, 
although the figure in the environmental 

‘control groups decreased. 
(b) SaZnto7teZZa. Prior to inoculating 

the birds, the infecting strain of S. typhi- 
murium was resistant only to sulfona- 
mides and nalldixic acid, the nontmns- 
ferable marker.. S. typhfmurium strains 
showed a significant jncrease in amplcll- 
WI resistance on days 12 fP < .Ol) and 
14 (P < .05). No other significant in- 
creases were observed for the other anti- 
microbfals in the test. 

The ARI then concluded&at the pen- 
icillin supplemented diets sfgniOcantlg 
.increased the percentage of E. coli that 
were resistant to empicillln. In the Sal- 
moneEa, the AHI found no signlffcant 
‘Uerence in drug-resistant isolates when 
all the chickens in the trial were con- 
sidered. But among the animals shedding 
Salmonella, i.e., the medicated groups. 
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the nbnwdlcated control, the birds ox- 
posed to subtherapeutic antibiotic pres- 
sure thoth pcnlclllln and penlclllln- 
streptomycin), a slgnlflcantly greatcr 
proportion shed Salmonella that WOM re- 
sistant to am~lcllhn than ln the nonmod- 
ioated groups. 

(cl The Director’s anaZ~sf$, (1) Shcd- 
ding: (a) The Director does not dkagrco 
with some conclusions drawn by ARI 
about this study. Feeding a subtherapeu- 
tic level of penlciXIin did not apparently 
increase the quantity of Salmonella shed 
in fecal material: it did not ~DDBLW to 
lncreise the number of S&lm&il~ in liv- 
er, spleen, and cecal tissue: and it did nob 
p&cs&ie the number of positive chicken 

The-Director. however. disngrees with 
the conclusfon of AIR that feedIng pen- 
iclllln at 50 grams/tan did not lncroasc 
the duration or prevalence of Sahnonella 
shedding because the procedures thab 
were used to determine these paramators 
were inadequate. The information neccs- 
‘sary to determine Salmonella duration 
and prevalence is whether Salmonclln 
are present in the feces; not the quantity 
of Sahnonella in the feces, After tho 
animals were infected with Salmonella 
in this experiment, fecal specimens were 
pmccssed by duutlug them and then plat- 
ing on the surface of sear plates. Clones 
growing on the plates were subsequently 
counted to provide information on num- 
ber of SahnonelIa *gram of feces. As 
the study progressed, however, tho num- 
ber of Salmonella shed decreased in both 
groups, and this procedure is lnadequatc- 
ly sensitive to detect smttll numbers of 
Salmonella. Good mlcroblologlcal’ prac- 
tice reqwes the use of an enrlchmont 
procedure for culturing. An enrichment 
procedure involves the lncubatlon of a 
fecal sample in a selective broth to in- 
crease the number of Salmonella boforo * 
plating on the agar. This lncrcascs tho 
likelihood that Salmonella will bo do- 
tected because other genera ate bolne 
simultaneously inhibited. The cnrloh- 
merit procedure is recommended for OS- 
aminatlon of fecal speclmeus whore 
small numbers of Salmonella may bo 
present, as in the cnse of subjects in tho 
carrier state. In its scctlon about process- 
ing of specimens from the bacterial fnm- 
ily, Entcrobacterlaceae (Sahnonolla Is a 
member of this family) , the “Manual of 
Chnical Microbiology;’ 2d edition, 
American Society for Mlcroblology, 
Washington, D.C., P. 104 GO74) is clear: 

It nlwaye in odvlsubl_q to employ onrloh- 
merit medlo Jn tho oxamhlntlon of VnrloUs 
khda of apaclmonri, and tholr 1160 la pmotlonl= 
ly essential when doallng with facnl epCol- 
mono from cnrrlors of auspootod cnrrtora 
- In an FDA experiment, the agency 
studiesd Salmonella shedding by swlno 
(Ref. below). Through careful study,‘20 
percent more samples (136 rather than 
94 from the 151 examined) were dotor- 
mined to be Salmonella posltlve whon 
an enrichment procedure was used. In 
another simlhr study by FDA, 05 Por- 
cent rather than 60 percent of 242 
samples were found Salmonella posltlvo 
by media enrichment. Enrichment Pro- 
cedures had been requested by FDA 
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during the protoco1 development stage; 
thus, the AHI determination of preva- 
lence and duration for this study wes 
consideredinadequate. 

RolU.~%L.D.,l?DAProject 108. 
ch) The shedding studs was co& 

ducted in three rooms. The chickens that 
were experimentally infected with 8. 
tgphfmurfunp were maintained in tmo 
separate robms, and the tbhd room 
housed the nonSnfected environmental 
conk01 aulmak In one of the rooms con- 
taining fnfected bhds, the chickens re- 
ceived only nonmedicated feed. Hom- 
ever, all birds that were infected with 
SabnonelIa and receiving medication 
were pIaced iu the same room. These 
birds received one of three different 
medicated diets, either penicillin, peni- 
cllltu plus streptomycin. or sulfawinox- 
allne. ~IIthough the chickens were main- 
taiued in separate cages within the same 
-room, no birds were placed in this room 
to determine if bacteria from one study 
group were flowing to enother study 
izrow within the room &Mronmental 
cpntrol) . The rise In 1eveIs of msistance 
to ant5lotics in noninfected, nonmedi- 
cated group A, as well es in the anti- 
biotic-treated groups a and Bt, sug- 
gests that some cross-contamination 
might have occurred or that contamlna- 

_ tion from the environment, might have 
occurred. Such contamination of con- 
trol frrou~s makes it more dif5ctdt to 
detect differences iu the increase of drug 
k8ktance betmeen the experimental and 
control animals. 

An PDA-sponsored contract (71-269) 
showed the relative ease by which cross- 
contamihatlon occurs between various 
SfAldY fzro7lPS. These groups were under 
shnflar or more adequate isolation con- 
~Kons than the chickens 4 the ABI 
*dp. 

Nevertheless, analysis of drug resist- 
ance data bbtamed from bacteria lso- 
Iated from the verious groups main- 
tainedinRoom2oftheAHIstudyfndi- 
cab28 there arq differences in drug re- 
sfstance between groups. This sugg&s 
that when R-~&mids are present. re- 
g8rdless of their source, they may be 
.tra&yred even in the absence of anti- 

ressure. 
Ccc) -When the shedding studies were 

lnWaUv requested, the optimum dura- 
tion of such studies wasunkllom al- 
though the 26-da~ duration appeared 
adequate. Data Iater generated under 
FDA s~onsomhi~ Wmtract 71-269) 
show that shedding patterns change 
after 30 to 50 days, longer than the 
length of the 28-day AHf experiment. 
Some studies have shown Salmonella 
shedding to be decreasing in both medi- 
cated and nonmedicated groups early fn 
the experiment, with the shedding ini- 
tialb decreasing fester in the medicated 
croup. II1 several of these experiments, 
approximateIy 55 day8 after initiating 
l+e experiment, the SabnLmella shedding 
Pattem8 reversed and shedding fn the 
medicated-birds fncreased, while shed- 
dJuginthendnmedicst&birdsremafned 
constant or contiued to decrease. In the 

Director’s oplalon, the phenomenon is 
easily exPlained. IDitinlly, the nnti- 
biotic attacks sensltfve org&sms and es 
these predominate, httle shcddh~ is ob- 
served. But, OS the antibfotlc-reshtsnt 
organisms remain and become domhmnt 
in the population, shedding increases. 

k2) .phe 28-df~y duration of the 
chicken stud& should also be consldered 
ln relation to the IIfe of a commercial 
broiler chicken, usually nbout 7 to 8 
weeks. Although some changes in shed- 
ains pattern occurred beyond 6 seeks, 
in normsl commercIel productlon. groups 
of broilers are ratsed continuously with 
one group immedlntcly following another. 
The production facilities may be cleaned 
between grow8; however, the faclll#ev 
are not sterihxed Bacteria left from a 
~recedlus group of birds nre crvrrilnble to 
infect the birds that fohow, and some of 
the mIcroblologlc.al changes that occur 
may be nemetuated in subseoucnt blrds. 
Thii8, if~an~ant&foKc is usedin the feed 
of each group of bhds, it would have an 
opportunity to net over a long perfod of 
time. For these reasons, the Director nom 
pelieves it is necessary tc use rm exmz.rl- 
mental desfgn that allorrs sufU&nt eval- 
u&ion of the effect of thue of antIbIotic 
usnge on shedtig. 

W  Resistonce chamcterhtlcs: (a) 
E. cclf. A major concern nbout occur- 
rence of drug resistance in E. cob that 
are Indigenous to the digestive tract is 
their potential for donnting drug resist- 
ance to pathogens such 0s Salmonelht. 
The Dhector agrees with the AEI anal- 
ysis that feed@ chlck& the penicillin 
supplemented diet slgnlficantlg increased 
(PC051 the number of E. coff isolates 
that were resistant to umplclhln. But 
other es~ects of the drug resistance 
characteristics of E. coU are also critfcal 
to an appropriate analysis of the data. 
Although the Proportion of E. coIf re- 
sistant to sulfonamfdes was h&h in’ah 
the groups before tredment and before 
inoctitlng the chlckeas wlth Sahuo- 
nelIa, the bacterfa were relatively sus- 
ceptlble to the other antlbIotics t.zvted. 
Results from one stunpIe colIected from 
each bird nfkr PenlclIIIn treatment and 
lIUmlatiOn with 23. typhimurfum, how- 

ever, bulkate that the proportion of E. 
cdf resistant to streptomy& and t&a- 
cycline fncre8sed in 8ll gmi&--envi- 
ronmental controls, nonmedfcated con- 
kols, and treatment groups. This sug- 
gests bacteria that were residant to 
tetrocycllne, skeptomycin, and perhaps 
sulfonamides colonized the animals in 
the exmrimf&alfadUty. 

(b) Salnumelfa. Although the total 
w.mnKty of Salmonella shed decreased, 
the percentage of drug-resistant Sahno- 
neu shed increased, which is crucm 
For bhxls that were shedding Salmonella. 
fccdlng Penlclllhl re8nlted in 8 f&nffi- 
untl~ greater proportion of Salmonella 
rcslstont to ampicflhn (P<O5). whfch 
is consistent with the AHI anaIy& The 
Dlrcctor agrees with AHI that feeding 
8ubtherapeutic penlcnlbl reslnted in 8 
s&nllIcant inncrease Sn both the propor- 
tion of amplcilhn-re&tant E. coZf and 
mmonello. 

For all of the foregoIng reasons, the 
Director conchzdes that the study has 
failed to prove that the subtherapeutic 
US8 of penfcslUn in chickens saisfies the 
crlkrlon and has failed to show that 
such use is safe. 

4. AHI Studies cn the Effects of Sub- 
therapeutfc penicillin in Animal Feed in 
S&t!-Cc) ErperfnzentaZ de&m. To 
measure Sabnonf-dla shedding in swine 
end the txansfer of drug resistance to 
Salmonella, AHI submitted a study that 
~‘11s slmlbr in df?&n to the previous& 
described chicken study. Thfs study was 
nlso subject to the same experimental 
conditions that FDA furposed on the 
chkken study, le., the base lfne inci- 
dence of resistance to drugs used in hu- 
mfm clInkal medklne in the indigenous 
flora of the test animfds was not to ex- 
teed 20 percent. 

Swine were divided into six groups, 
three of diich mre infected with strain 
NO. 58 DC 13C Sclmonellu iyp7rimurium 
tswiue) characterked 8s sulfonamide re 
sl8kmt. One noninfected and one in- 
fected group recefved diets contaming 
either no medicaidon. procaIne peni- 
or mocaill8 Perdciuin Plus SkePtomychl 
nccordlw to the folIowing d&n: 

Cl Shedding: Groups & end & were 
used to test the inthence of pen!cllUn on 
sheddiu6 and resfstsnce of Sslmonella 
in the test su+& with srou~ AseMng 

. es a nonmedfcatti control mmp. Croups 
C, h and D* were used os environmental 
controls to monitor whether swine ad- 
miufstered the drug but not lnoculnted 
ivmahmi S8lmonelln free. 

Orally via the diet, 6-week-old p&s 
were exmhnentnlly hfccted with nn In- 
o@&ion of 1.3 x IOn Salmonelia. 5 days 
after begiunlnbr their test diet. Prelnfec- 
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tfon fecal spechueus were free of natur- 
fdl.v occurring Salmonella for ah test 
finhmk For all pigs in each group, fecaz 
s;IpIpIes were taken on days 2,4,&S, 10, 
la, 14.21, and 28 postinfection to quantf- 
tate the Sdmondk one-gram sampb~ 
of fecal spechnens from each test animal 
were diluted in phosphate-seRne solu- 
tion and ~lnted in duplicate on brilliant 
GreenwfLrcolltainingoand2omfcro- 
LIlams~mlnlliter of sbpptomycbl. After 
incubation. cbarncfeaisKc dories Of sal- 
mOnelb% were recorded 8s total counts/ , 
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gram of wet feces. All p!gs were k!Ued 
and nec!ops!ed 28 davs after the !nfec- 

1 tiolL 
One-gram samples of aseptically 001: 

lected liver* SPlcen# ileccecld lylpph nods 
andcecumwerem!ncedand!ncubated!n 
tetrathfonate br!lIant green broth, and 
subsequently ~Iated on br!Uiant green 
sgartodetcrm!nethepresenceof6aI- 
monella. Ciiulcal records were main- 
tained on body weights, mortalits, and 
gross and mfcroscopic pathology. The DIrector again does not totalIy d!s- 

0 Hesistauce characteristics: (a) E. agree with AHI’s conclusions concerning 
calf Coliform cotmts wereobta!ned from Salnionella shedding in swine. He agrees 
EMB plates inoculated with homogen!zed that, fn this case, feeding a subthera- 
fecal sampIes. One -gram of es& sample peui%c level of pen!c!lI!n apparently 
wss plated In duplicate on EM6 ager -neither lncre&?d the quantity of ScZ- 
containing 0 and 20 m!Wrams/mUUl!- monetla behx shed in the pig’s fecal 
tier of streptomyc!n Antibiotic suscepti-. materM, nor~iucressed the number of 
b!lity tests were conducted on clones ob- Salmonsllu In Iivcr. mlecn. fleocecd 

lymph node and-&& Fee&g pe.n!- 
c!ll!n also did not !ncrease the number 
of swine tissues (liver, spleen, ileccecal 

tom&u at subtherapeutic levels did not 
increase the percent of pigs cany!ngre- 
sfstant SaZmonslla. It also concluded 
thatfherewemnos!gn!f!cantd!fferences 
in the.percentage of res!sta& clones 
idated from p&s in$he penicfnin group 
and the contro1 group when ah the ptgs 
were .cons!dered 0xmmedicated controls, . 
env!ronmentaI controls, and treatment 
FmUPS) . 

tainid from two prestudy samples aud 
one x.3oststuaS sample from each animal 
ti acwnbce with the Standard!z~D!sc 
6uscept!bffl~ Tests in 9 460.1(c) (2). Five 
cones from each specimen were selected 
from the streptomycin~p1ate.s and were 
tested for susce~t!b!lifr to ampicilliu, 
tztraaym, chIoramphen!cal, strepto- 
mycin, kanamycln sulfate, nitrofuran- 
tdn, and sulfathiazole. 

(b,) Salmonetla. Five clones of Sal- 
monelb selected from the ik%Uant 
green fecal count plates were tested for 
ant!becter!aZ suscept!b!l!ty to amp!c!ll!n. 
totracycliue, chloramphen!coI, strepfo- 
my&, kanamycin sulfalk,.and nitrofu- 
rant&u, sulfa!biazoIe, and triple sulfa, 
Yn accmdancewfth the Standerd!zed D!sc 
6usceptMhty Test !n 0 460.ltcl(21. 
When there were Xess than flve clones of 
SaZmoueIZa, the number of clones picked 
corresponded to the actual number pres- 

.ent on the plates. 
(b) AZ3Z’s swnmar~.of the resuhs. (!I 

Sheddfng: AHI reported that the num- 
ber of SaZmmena receovercd per gram 
of wet feces d!m!n!shed with time in all 
groups, and thenumber of organisms re- 
covered from the med!cated groups after 
day 2 wa8 cons!stentlylessthanthe 
numbers recovered from the nonmed!- 
cated control group. These numbers 
represent average counts of clones grow- 
ing on agar that did not contain strep- 
tomycin since no Sa&wnella grew on 
plates ccntddw streptomycin. No 
Salmonella were isolated throughout the 
exper!ment from auy of the-env!ron- 
mental control. animal (Groups C, DI, 
auil DJ. From this the AHI concluded 
that the presence of entlbacterials ih 
animal feeds reduces the quahty and per- 
sistence of S. typhifnurium in experimen- 
tam hlfected Pfgs. 

(ii) Resistance characteristics: (a) 
E. calf. AHI concluded that pen!c!ll!n 
supplemented diets s!gu!f!cautJy !n- 
creased (P<.Ol) the number of E. coli. 
resistant tc chlorsmphen!col. 6!m!larly, 
pen!ciUn/streptomycin supplemented 
diets s!gn!f!cantly fncreased (P<.O5) the 
number of E. cali. resistant to strepto- 
my&. 

(b) SalmonMa. When the experimen- 
tally infected pigs in the medicated 
groups were compared to the noumed!- 
cated control group, AHI concluded that 
feeding pcuicillin or penicillin/strep- 

lymph node and c&mm) that were pas!- 
tive for SaZmonelts. However, the D!rec- 
tar disagrees with the AHi conclusion 
that feedinfr sw!ne nen!c!U!n at 50 
grams/&n d&d not increase the du&,!on 
or Prevalence of Salmonella sheeding, 
because the procedures that were used to 
determhre these parametck were inade- 
qua&% The information necessary to de- 
termine durat!on and PrevaIence of Sal- 
monella shedding !s whether feces con- 
tain axw SatmoneZta~ even !n very low 
numbers, rather than. the quantity of 
Salnaonena msent in the feces, which 
AHE measured. After the animals were 
infected with Salmonella, fecal speci- 

‘mwq were processed by d!!ut!ng and 
then plat!ng the d!lut!ons on the surface 
of agar plates. Eur!chment procedures 
wara xiat used 

(!!I R&stance character!stics: (a) 
E. colt. As in the chicken study, the data 
avaihible on the occurrene of various 
drug x-eskitsnces in E. cotf tie l!@ted; 
neverthel~ they are sutficient to draw 
genaral conchsion% Suscept!b!l!ty tests 
from streptomydn-contg plates 
show 8 h!gh proportion of multiple- 
resistant E. calf in al! groups prior to 
treahenb i.e.. treatment groups, non- 
medicated- controls, and environmental 
controls. Th!s !s contrarr tb the recom- 
mendations of the -mA &!del!nas estab- 
l!shed for these studies. Data from post- 
treatment plate counts (one for each 
Pig) ind!Cati that the Proportion of E. 
coif resistant to strePhny& rema!ned 
high throughout the experfment and was 
similar for both the pen!c!ll!n treatment 
group (group BJ and the nonmedicated 
group <group A). The results are not 
unexpected because the high !&!a1 pro- 
portion of drug-res!stant organ!sms 
makes it d!fEcult to detect d!fferences !n 
the proportion of drug-resistant orga- 
n!se caused by antibiotic adm!n!stra- 

A more acceptable procedure for de- 
te-g the proportion of Jsolate8 l-e- 
sistant to a particular drug is to select 
clones from drug-free agar plates for 
suscept!b!l!ty testLug.- A h!gher propcr- 
tion -of drug-resistant bacteria w!U be 
isolated on aMbiotic-conta!n!ng agar 
than with the random choice of a stsnd- 
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ard drug susceptibility test u&g nor- 
mal a4rar. 

Further, ABI has !n.iected an element 
of bias in report&g the E. calf tiforma- 
tion. On& the ckkes that were grow- 
ing on the streptomyc!n-conta!n!ng agnr 
pla!es.were tested for suscept!b!hty to 
mult!ple antibiotics. Th!.s procedure wllI 
reveal the drugs in addition to strepto- 
mycin to which the isolate was resistant, ’ 
but a Ngh proportion of the strep&my- 
cm-res!stant isolates were al50 resistant 
to t&n&line and the sulfomunfdea. 

Selectiug clones from streptomych- 
conta!n!ng agar for further suscept!blllty 
testing is acceptable for determ!n!ng 
what res!st.ances, !n ad&ion to strep- 
tomycin, may be present. Only thcso 
cells res!stant to streptomycin, alone 
or !n a pattern with other ant!biot- 
its, will - grow oxi agar conta!n!ng 
streptomyc!n. However, cells may be 
present !n the populat!on that are su3- 
ceptible to streptomycin but are res!sfant 
to one or more other drugs. For example, 
ampMll!n-resistant bacter!a m!ght be 
mfssed. These cells would not grow on the 
agar containing streptomycin, and tho 
procedures used by the AHI would not 
report them. 

(b) Salmonella. Salmonella were iso- 
lated from both the nonmedlcated con1 
trol group (group A) and the Pen!c!U!n 
treatment group (group B1l. Isolates that 
were six&f and multiply drug resistant 
were observed, as well as fsolates with 
resfstance to amp!c!l!!n, tetracycline, 
chloramphenicol, n!trofuranto!u, kana- 
mydn, and stretomycin The strain of 
SaZmoneZZa used to infect the animnls 
was initially res!stant only to sulfona- . 
m!des when the animals were !noculated. 
In both the nonmedfcated control group 
and the pen!c!ll!n treatment group, the . 
proportion of Salmonelta Isotates that 
were resistant to each drug tested was 
s!m!lar, and a s!gn!flcant Proportion of 
SaZmonetta isolates were resIstant to nt . 
least one of the following: nmplcllhn, 
tetracycline, and streptomycin. 

The m-incipal purpcse of thi6 expd- 
ment was to determ!ne whether feeding , 
of pen!c!ll!n at subtherapeutic levels re- 
sults in an increase of drug-resistant 
Satmonetla. One way by which Satmo- 
neZZa become res!stant !s by transfer of 
drug resistance from the indigenous 
flora, e.g., E. coli, of the gut: therefore, 
the proportion of indigenous organisms 
in the gut carrylne drug resistance dl- 
rcctly fcttects the abll!tv to defect d!!Ier- 
ences due to antibiotic treatment. For 
Wsreason the effect that subtherapeutfc 
~en!c!l!!n has on !ncress!ng the propor- 
t!on of drug-resistant E. coti wns !n!t.!alIy 
analyzed. 

A h!gh porportfon of indigenous E. colt ’ 
were drug resistant .before treatment, 
wh!ch m!n!m!zed or negated the obsorv- 
able effect that ant!biotic treatment 
wouId have on the indigis0~6 gut ~!oM. 
Siuce the effect of ant!b!ot!c pressure on 
the iudlgenous flora was the !n!t!al stop 
in the procers under study, the study !s 
!nval!d for demonstrating !n a prec!so 
manner the effect of feeding subthcra- 
peutic levels of penicillin on occurrence 
of resistance !n Satmonetta. , 
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failed to prove conclus$~~t~- 
ther&teuMc penlcUn 
fles the criterion and has thus’failed to 
showthaMxhusefssaf@. 

5. Questfons Raised by OUra SfUdfcs 
of Salmonella-($0 CDC repoti. ‘Xi10 
center for Disease Control (CDC) has 
mniutnhled n Dntlonnl sozmonczzu Eu.r- 
veillance program since 1963. The m- 
ported lncldenco of salm~n~Ucsi~ in- 
creased until appr&mat&y 1973, x7heIl 
it reached 21,000. The level of reported 
case5 meraged 10.77 per 100,000 popula- 
tion from 1970 throueh 1974, and true 
lmidence may be fur higher because of 
underreporting. But the reported Case3 
from antibiotic resIstant SaZmoneZZa 
have conMnued to Increase. SalmonMa 
typltiurium, wbkh is the most common 
SaZmoneUa stanfn in nnlmnls, ls the re- 
sistant stmln most often reported inman 
and anlmnls. More importantly, the 
mlmber of antibiotic resktant rtralns of 
S. typhinmrium isolated and reporkd al- 
most doubled between 1967 rind 1975, and 
the increase in nntiblotic resistance In 
other SaImoneUa serotvpes dmost 
tripled during that period. Further, in 
addftlon to the fact thnt the number Of 
SaZnroncl& strains resistant to 0 or mom 
antibiotics increased ahnose 10 time% 
the percentago of multiPlY r&hnt 
strain.9 thnt are %uper redstat” tcon- 
tainlng reststance to G or more antilo- 
tfcs) increased almost 7 tfmc; (Refs. 1 
and la). 

(b) . FDA’su~v~J. Pocurull. bolnes. and 
zfercer <Ref. 2), in a 1971 survey, report 
tha.t SaZmoneZZa strains isolated from 
outbreaks of sahnonellosis in animals 
were bearing R-plasmfd-medlated re- 
sistance to antibiotics. Salmo7Mu Bo- 
lates gathered in dh~ostla labomtot& 
of mozt States from outbreaks of salmo- 
nellosis in pigs, cows, chicken& and tUr- 
‘keys were tested fpr their suzceptfbillltp 
to nmpicUu.n, tekw~cUne, dIhMroskcp- 
tomyaln, cephalothin, sulfamethosypyrl- 
da&e. colfstir~ chloramphenicol. fura- 
zolido~e~ neo&cin, p&myxrd, and 
nnlidistc acid. Of the l$W straLns 
studied, 75 percent were resistant to one 
0.r more nntibmterfal drugs. 40 percerd 
were resistant to two or moro antlbac- 
terlals, and 21 percent were resistmt to 
three or more nntibactc&l!& But on even 
higher incidence of multiply resfstult 
cultures wns observed In S. tWrfmurfum, 
which was ngnin the most commonly 
isolated pat.hogen. 

437% 

AnmmxMah~d inconsbtency also in- 
val&l&ngthe stady is t&e fact that dur- 
ing the sfauiy no stre@mycln-resistant 
Salmonella grew on t31~ brilliant graeu 
agar (BGB) contain@ StrePtomWiIL 
However, in subsequenti stitivi@ teSti- 
inginthe eqeriment it was determined 
that many of the SuZma7zeUa clones 
i~Ohted St mert?IIt ti11~3 On Pkh BGA 
were indeed resistant to streptomycin as 
determined by the standard KirbgiBauer 
disc susceptibmts test.. 

A third de&iency undermines the 
validitp of the study. The Director found 
that 70 to 100 percent of the indigenous 
E. coZi in the test swine were resistant to 
tetracycline, streptomycin, aqd sulfona- 
mide, and 20 to 50 percent were resistant 
to amM&llin-and kanamycfp. He alsp 
found that resistance to chloramphenlcol 
and.nifirofumnto~ had occurred, but to 
8 ksser extent. Nevertheless, ti both the 
medicated allh& and nonmedicated 
animals, the Director found that the re- 
sistance paterns corresponded. 

Before the study began, the Salmo- 
n&a were resistant oalp to the sulfomt- 
tides. On the basis of the dlsa suscepti- 
bili@ test, the Dfxector found the fol- 
lOming resist8Dce Pat;tern had evolved 
during the course of the study: 

P&mnt resistant 8aZinunclla iso7atcs 

Resist8uae %&transferred to Salvo- 
nella in the nonmedicated group at a 
rate at least equal to that of the medi- 
cated group. It is thus apparent that 
Salmnelfa readily became resistant to 
ampicillsn$ tekacycUne, and streptomy- 
cin when exposed to the R-plasmids of 
E. coli present fn the gut. This reaftrms 
the results observqd in the chicken study, 
aswellasthestudiesbyPocuruUetfd., 
Neu et al.. and Smith and Tucker (R&s. 

. 2.3, and 6). Once a sufilcient number of 
R-plasmid-bearing bacteria, principally 
R. coZf, are present, the E. calf donat.& 
their R-plasm& in the absence of anti- 
biotic pressure. Accordingly, the Director 
concludes that the presence and propor- 
tion of R-plasmid-bearing donors were 
responsible for the resistance in Salvo- 
7leuu. 

Another safety question may be raised 
by the high E. coZf resistance found in 
the swine used in this study; 70 to 100 
percent of the E. coli were fesistant to 
fxtracycline, skeptomgcin. and sulfona- 
mides, and.20 to 50 percent resistant to 
kanamycin and amplc.Uin. Yet, in the 
Gustafson study cited below (Rep. 7). in 

_ hical smine going to slaugh@r, there 
were no E. calf resistant to ampicillin, 
although 17 of 31 isolates were multiply 
resistant to other antibiotics. 

For all of the foregoing reasons, the 
Director concludes that this study has 

Cc) Ncu, Cl~erubfir, Longo, Flouton, and 
Wfnfer studfi?s. R&Eentlx Neu et al. (Ref. 
3) examined the antlm&robial suscepti- 
bility of 718 Salmonella isolates from 
humans and 681 from anhnals. They 
compared the current px~nfencc of anti- 
biotic resistnnce in Salmonella fsolntes 
from humnns with their previous stud& 
in 1968-1969 and with the resistance pat- 
terns of SaZmoncZfa lsolatez from a& 
mals. 

Thlrbr percent of I& humon isolates 
were reslsthnt to ono or more antibl- 
0tMs). &rib, S. t~pkfmurfum vns the 
most common pathogen and 58 percent 
were resIstant to at least one antiblotlc. 
Mom thnu 50 percent Of the S. tgphf- 
mu&m were reslstnnt to four to five 
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antibacterlals. The fraction of all Sal- 
mfme2la strains resistit to kanamxia 

natkmal survey conducted by Gill end 
Hook (Ref. 4). the authors found that 
the percentage of Mlates of all sero- 
types resistant to’ ampicSllin had in- 
cried fourfold br 1973, and the inci- 
dence of re%ance to tetracyclfne and 
skeptamycln had approximately dou- 
bled. ReMance in S. t$yhfmurfum Shad 
increnscd from 19 percant to 58 percent 
of isolates, and ressance to ampicilUn 
hns increased from 23 percent to 37 per- 
cent. EIoreover, the resistance to am- 
plcUl4 tetracycline, y=rap&eJJ@& 
5kePklmYc4 sulflsossan, 
tin wns transferable amok the various 
SaZmoneila straiw. 

In unfmals, S. tphhfmwfum accounted 
for 70 percent of the fsolates. and 80 W- 
cent r;ere resistant to one or mom an!% 
microbial a,$&. R-plasmkb were fotmd 
in 86 percent of the S. t~hfmurium, and 
reslskmco to ampl~illh tetracycline, 
chlor8mpheniaoL streptomrc4 .sulfhs- 
azole, and kanamycin FZLS transferable. 
Genemlly, the rcsLst8nce p3tterns wera 
shfhr to those encountered in the SuZ- 
monella fsolnted from humans- 

The wthors conclude tbatthehigh in- 
cldence of transferable resistance in man 
and animals suggests that most resistant 
strnlm seen today contahx complete R- 
plasmids, and that strains ‘nnable to 
mobllke resfstance determinants are less 
common than was formerly thought. 
They further conclud-3 that comparfson 
of the resstance of SulmoneBa isolates 
from humans with that pf SulmonelGt 
from animals shops that tetracycline 
rtit3nce Li grenter among the strains 
fromanhnals,asinthecasewithsul- 
fonomide and skcptomsdn reskitance. 
VUle the reskikmce to amplcSUin is 
barber in S. tvnhfmurfum strafns fso- 
la&l from hu&ns than those isolated 
from animals, the reverse L true for 
DthW SerOtypffS. Tbb difference may 
rellcct the grenter current use of tetra-* . 
cyclines. ,ulPonamSdes. and streptomycin 
in anlmnls. 

Unally, the authors conclude that the * 
survey clearly demonstrates that resist- 
fmce to antibiotics is increasinz in SaZ- 
moneZkze Lsoliated from both humans and 
nnimals, and since there are great simi- 
InriMes In the resistance patterns of hu- 
mnn and fmhnal isolates, it r;ould be use- 
ful to know whether the R-plasmids are 
of a r&n&r nature since this would sug- 
gffit that nnlmal~kains have contributed 
to the humnnpool of resistant organisms- 

(d) Smith, IL. and 3. F. Tucbxstzrdies. 
Smith and Tucker (Ref. 51 studied the 
emct Df fUltiblOf& theraPY on the fecal 
escretfon of S. t~phfmurfum by espoJ- 
mentally infeaUn.g S-day-old chicks. 
There were 3 clItk.rene treatment r@- 
mfzns studled; 9 dierent antlbi~ti~~ 
were used with experimental groups of 
40 during each study. One or tvzo groups 
in each experiment were fed nonmedi- 
a&d feed throughout. The following an- 
tibacteriaki were tested: ampicillin, oxg- 
tetzfwcllne. chloramphenfcol. furazoli- 
done, neomyclo, polyn&dn, spectinonq 
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tin, st.reMmycin, and a mixture of 
trimetho~rim and sulfadiazine. The reg!- 
mens were: (1) continuous antibiotic ad- 
mfnistr8tion inThe diet for 61 daysat IOU 
mllligrams/kilogr8m of tmlm8l feed 
bubther8peutic) ; (2) codtinuous anti- 
biotic admfnfstration in the diet at 500 
milllgrums/kilogr8m of animal feed for 
44 days (therapeutic) ; (3) continuous 
antibiotic administration in the diet for 
9 or 16 days at 500 -/kilogrsm 
of 8nlmal feed while observing for 65 
days. * . 

In each preceding experimental group. 
except the furazolidons gtoup, when 
chlckem were fed subtherapeutic drugs, 
the E. coli becsme multiply resista& with 
R-plasmids having the same pattern of 
resistance that developed shotily there- 
after in the Sulmonezza of the same 
groups. No antibiotic resistant S&no- 
ncZZa ware ever isolated from the fecal 
specimens h&en from the chicks fed an- 
tibiotic-free diets, although high concen- 
trations of antibiotic-resistant popula- 
tions always developed in the S. &phi- 
nzurium and E. coZi from groups fed anti- 
biotics. 

Smith and Tucker found that although 
many of the antibiotics brought about a 
profound reduction in the concentration 
of fecal E. cozf, it was usu8lly short-lived 
because of tie emergence of antiblotic- 
mistunt .populations of E. CoZi, even in 
the group receiving subtherapeutic levels 
of the antibact&ais. Most of the resist- 
8nce to ampicillin, oxytetracycline, 

, chloramphenicol. streptomycin and spec- 
tlnomycin are due to R-plasmids found 
initfail~ in theentire chicken ~o~uhtion. 
with t&e same patterns of a&i~iotic r& 
slstance (ampicillin, streptomycin, t&a-’ 
CYCllne, chloramPhenicol) which werese- 
lected. transferred and subsequent3y ap- 
peared in the S. typhimurium popula- 
tions of each different dietary regimen 
selected for any one drug. 

Although penlciilin was not used in 
the study, the principles that apply to the 
emergence of transferable drug resid- 

. zmce in this study appIy to R-plasmids 
that emerge from use of penicillin. FUI+ 
ther. amplciilin is a penicillin, which in 
suificient quantity will produce the ef- 
fecta of peniciiiin G on drug resistance 
in Gram-nerdive bacteria. 

Antiblotl& have been used to such an 
_ _ extent in certain animal species that or- 

ganisms &at are well adapted to their 
digestive tract are now drug’resistant. 
The selective Dressure of antibiotics is 
one of the pt.imary factors that results in 
an increase in the number’of o?ganisms 
carrying transferable drug resistance, 
snd the selective pressure may be from 
either therapeutic or subtherapeutic an- 
tibiotic use. Although the mocedures 
used to gather the tiormatTron from the 
AIH chlcken study were inadequate ac- 
cording to the current state of the ark 
nevertheless, the ABI chicken study ex- 
emplifies the interaction between the pool 
of R-p&mid donors and drug-snscepti- 
ble pathogens in chickens; it also dem- 
onstrates the f&ect of subtherapeutIc 
penicillin pressure on the development of 
m2Wance to ampicillin. Other recent 
Qiterature such as the Smith and Tucker 

NOTICES . a 4 
. - . ‘4.. L studiEs and contract studll?s confirni 
these findhm. The Director concludes 
that there is no evidence to show that 
safety h8zards do not exist.ss a conse- 
quence of theeubtherapeuti~use of peni- 
cillininanhnaIfeed. 

te) Kobland, Gustafson studg. Kob- 
land; Gustaf&on et at. (Ref. 7) of Ameri- 
can Cyanamid performed a survey of 
three major swine producing areas for 
the AnimSl Health Institute to determine 
the extent of the nahualiy occurring an- 
tibiotic-resistant Salmonella reservoir in 
hogs: subtherapeutic levels of antimi- 
crobials were routinely used ti animal 
feeds in the area. Fecal content% were 
sampltid from market-age hogs obtained 
from slaughter houses in P~Ivaniu, 
Iowa, and Georgia, and these samples re- 
turned to the ldor8~ry for Salmonella 
isolatioz! procedures. E. coZi were also 
isolated to obtain information regarding 
antibiotic resistance status of indigenous 
colifor?ns. _-----__ 

The f&st survey was made in Lancas- 
ter Counts. Pennsylvania. Out of 151 
animals sampled, 54 (35 percent.) were 
positive for Salmonella, and all isolates 
tested (653) were sensitive to the 10 
antimicrobial agents that were tested. 
Of 31 E. coZi isolates, 17 were multiply 
resistant. 

In the second study, in Iowa, 26 hogs 
(10 percent) were positive for Salmo- 
nella out of 251 sampled. Examination of 
219 isolates yielded 10 (5’ Percent) re- 
sistant isolates, but all from 1 hog. 
Again, most of the coliforms (E. coli) 
were multiply resistant. 

Ffmlly, in the Georgia survey, Sal- 
monelia was isolated from 215 (84 per- 
cent) out of 256 ani&& sampled, Le.. 78 
hogs (36 percent) carried drug-resistant 
Salmons .and of 622 isolates, 145 
(23 percent) ca.rrled tetracy&ne resist- 
ance singly or with streptomycin. 

l%ur Salmonella serotypes.were iden: 
Wled in Pennsylvania, eight in Iowa, 
and seven in Georgia The Salmonella 
strains that were resistant to more than 
one antimicrobial were able to transfer 
r&st&ce to an E; coZi recipient. When 
the sponsors tested representative drug- 
sensitive Salmonella isolates. for theri 
ability to receive R-~lesmids, four S. 
w.orthington and two ,Y& newington iso- 
lates acquired resistance after a 24-hour 
nmtlng. None of 28 other isolates as 
tested accepted an R-plasmid. Only two 
samples represented . S. typhinaurium, 
the ‘most freouentlv isolated serotvne 
from animal &d h&an sources any a 
good donor of RYplasimds. 

In summary,‘ (1) 40 percent of ceca 
from animals in Pennsylvania, Iowa, 
an& Georgia contained Salmonelia; (ii) 
None were antibiotic-resistant in Penn- 
sylvania, 4 percent in Iowa, and 23 per- 
cent In Georgia; and (iii) none of the 
Salmonellae from any of the three 
States were ampicillin-resistant. For 
E. coZi, (1) 7 per&r& of the swine sam- 
pled from Pennsylvania were ampicil- 
lin-resistant. (ii) 31 percent from Iowa, 
and <iii) 39 percent from Georgia. Only 
certain Salmonella serotypes were 
shown to be good recipient% for the E. 
coZi R-plasmids fn transfer studies done 

in conjunction with the surveys, and 
none acquired ampicillin resistance. On 

- this basis, AEI concluded that natural- 
ly occurring Salmonella are nelther R- 
rAaglxi~earlng nor -wlllfne R-PIusmid 

The suivey alone, however, is inadc- 
quate to support a conclusion that tbo 
background level of drug-resistant Snl- 
monella fs not increasing because them 
is no documentation that the sites so- 
le&d for sampling provide a random 
representative sample of the total swine 
population. The authom explained 
neither how they determined thnt tho 
sampled swine hid been exposed to antl- 
biotic Pressure nor which antibiotics 
were involved. Of 22 Georolo isolates 
that were resistant only to t&rac~clinc, 
not one transferred its r&stance, and 
for this reason, the authors assert that 
the gene coding for tetracycline resist- 
ance wfis probably located on the bncte 
rial chromosome rather than on a pins- 
mid. This assertion is contrary to cur- 
rent iniormatfon which indicates that 
naturally occurring tetracycline resist- 
ance is invariably plesmid mediated 
(Ref. 8). Tetracycline resistance in a 
bacterial strain can be taken to indicate 
the presence of an R-plasmld because no 
evidence has ever shown tetracycline re- 
sistance to be chromosomally mediated 
In naturally occurring stnains of ent4zric 
bacteria (Ref. 9). The plasmld may, 
however, be small and not self-transmk- 
sible, as was apparently the case in the 
Gustafson study. 

American Cyanamid’s in’vitro tests for 
Sahnonella R-Plasmid recipient activity 
am also inadequate. Cyanamid tested 
only “representative” sensitlvo Salmo- 
nella isolates, and four S. worthhigton. 
and two S. neu?fndon Lolates acquired 
resistance. Although none of the other 
28 isolates tested accepted an R-plasmid 
in these tests, only a single R-plaamid- 
bearing E. calf donor was used, and the 
comvatability brouerties of the donor R- 
plad were nev& presented; it is well 
recognized that certain species of Salmo- 
nella are generally neither good donors 
nor recipients of R-p&mid in the lab& 
ratom. The ability of a particular Sal- 
monella to act, as a recipient k depcnd- 
ent on the compatabillty properties of 
the donor R-plasmid. For example, in re- 
cent years most R-plssmids isolated from 
naturally occurring Salmonella h&vo 
been of incompatibility groups H and I, 
and many Salmonella rare not good re- 
c1pient.s for F II R-plasmids, a common 
type encountered in E. colt. Thercforo, 
without data on incompatabllity group- 
ings, the Director believes that this aspect 
of Gustafson’s study is of littIe value. 

(f) Other studfes. Wilcock et al. tRef. 
10). found far greater levels of antlbiotlo 
resistance in clinical isolates of SaZmo- 
nella typhimurium (95 percent were tet- 
racyme-resistant) than in isolates bf s. 
choZeruesuis (16 percent). These str&s 
ficcounted for SO percent of the 63 iso- 
lates dWteJy essociated wit&swine sal- 
moneliosis. The greater accessibility of S. 
typhimuriunr to intestW E. coZf in con- 
trust to the s~stemlc S. cholerat%& in- 
fection may explain this dlflerence. 

I 
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In a survey of 5 Csnadian abat&& by 
GrovesandRQxmun et aL (1970. I&E. 10, 
20 percent of 452 hogs were SaImoW 
positive. Tetracycline-resist Sshno- 
nella mere found in isolates from 11 Of 
the 94 (11.7 percent) meseuteric kmph 
node samples of marketed swine, in 2 of 
15 C13.3 percent) isolates fmm the abat- 
toirenvimnment, and in on& 1 Of 25 (4.5 
percent) isolates from a farm supPWng 
the 3batii.r. Thus. 14 of 134isoIateS (10.5 
percent) were at least tetrac~cIine re- 
tdstfalt Of the 14 resistant SalmOReU 5 
were S. typhimurium’and 8 were S. 
schuuu-se~ Single or multiple tetra- 
cyclfne resistance was present; in all 14 
resistant salmonem. out of 110 strains 
stndi& 22 were S. tz@iimtium. Other 
prevaIent semtypes included S. heidel- 
berg, S. muenster and S. attutu?& Voogd 
(1973, Ref. 12) charted various salmo- 
nella serotypes. and a Iarge percentage 
of resistance was seen in S. tvphimurium 

_ (25 percent in 1971). S. an&urn (29 Per- 
cent) and S. Panama (25 Percent), al- 
though resistance in other serotmes such 
a.9 S. derbg, S. fnfantfs, S. duWn, or S. 
chZorae.sufs was lower. As meutioned 

I earlier, most surveys have cl$arly shown 
a7.t increase in drug-resistant SalmonelI 
in recent ye&. and the stmins surveyed 
in those stndies have obviowdy encoun- 

. tered R-plasmids which bacteria can ac- 
cept and stabIy maintain. This is cl-W 
demon&&xi by the results of the AEI 
studio and the other evidence discussed 
earlier. 

6. Director’s CO~Z~ZUS~OY~S. QllestiOll.5 
raised by the CDC reports, snd the stud- 
ies conducted by Ryder, Pocurull et al., 
Neu et al. and Smith and Tucker CR&.% 
1 throw& 3, and 5) shoti precise& the 
same pattern of resfstsnce and in the 
same scque.nc.9 that was observed in the 
E. cdf aud SsJmonella isolates from the 
AHIchickenandswinestudiesReslst- 
ance occnrred in the E. coti, and a cor- 
respond&r pattern of resistant subse- 
quently occurredin the S3Imouella after 
exposmz to the R-plssmid-bearing E. 
coZf. Despite the absence of antibiotic 
pressure Cm the nonniedkated animals), 
initially high ndmbers of resistant E. coZi 

’ inallofthet&snimaIsdidtransferR- 
pIyfi to the antibiotic-sensitive Sal- 

Furthermore. because most of theani- 
maIs in the AHI studies were harboring 
drug-resistant R-plssmid-bearing E. 
coZf. which wns contrary to FDA crikria, 
the z&n-lies may be considered invalid for 
determinim? the effect of feedbx sub- 
therapeutIcpenicillin on the eme&ence 
of drug-resi&,nt Salmonella. Moreover, 
the procedures used to gather the dat3 
on SaJmonelIa prevalence and duration 
were inadequate. The studies neverthe- 
less demonstrate that the reservoir of R- 
plasmid-&zar3ng &lmonelIa in&eased in 
direct correlation with the resistance 
patbus observed in the drug-resistant 
EL cozt. These rezwlf.s confirm the results 
observed in the .literatur~% R-p&mid- 
besring bacteria are widespread in the 
environment, and they can transfer 
their Rdasmkk to pathofgns. even in 
the absence of antibiotic pressure. un- 
@X 0 558.15, the holders of approved 

NOTICES 

NADA’S were kquired to subnUt data ta 
prove cmncb~~iveI~ that the subtherawu- 
tbuseofmnicllUninanfmnlfeeddou 
notintiet.heduratlonand~rcvaIence 
of salmonella, and that such use does 
not contribute to the de-cclopment of 
R-plasmid-bearing olwuUsms. Because 
subthcrapeutlc us0 of penlcillln contrib- 
utes both to R-plusmId buXdup and 
transEer, the data lend to the cotiuslon 
th3t the subthenweutlc use 0C wniciUn 
has not been shown ta be safe. 
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1. Background and crtterton. The 1972 
FDA Tesk Force was concerned that the 
continuous feeding of antibiotics to MI- 
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rnak mSght compromise the treatment of 
czrtah enimal dfsses It conchxded 
that additional information was needed. 
and F’DA accordingly determined that 
epidemIological and controlled chaIIenge 
studies were to be carried out to deter- 
mhe the r~tionship of the use of anti- 
bloticstianlmalfeedtotheefftz%iven=s 
of subsequent treatment of animal dW 
e3se. which is crit 

%Y 
2(c) of this no- 

Hce. To nnsvxr this krion with mzard 
to subtber3peuHc us8 of PentdIlis the 
Animnl Hemh Institute submitted tvzo 
shulle3.The*turriedoutincbfcken3. 
fnvolved treatment of a systemic E. cozi 
infection by oxrtetracscline after sub- 
thcrnpMicnseofpenicillininfeed.The 
swond study, in swim% dealt tiUt treat- 
ment 0E 0 SaZmomZZa choZeracsuis iufec- 
tfon by nitrofurazone, after subthera- 
pent& use of penMlin in feed. 

2. AHI Conzpn7mfce oj TlzeraZw Study 
in Chfckens--0 Etperhnental de&m. 
m-dd-chicks w?re placed on sub- 
therapeutfc levels -of penidUn (50 
gmmsfton) for 21 days. Cm day 21 the 
bird3 acre infected by the Mramuxular 
(I.&U routewithE.ccolzt4.5 X 1QCFU 
ccofony fcrmhlg llnits). subsequent 
trerrt3u&mswithos!ite~cltne Q2.5 
miRigmulsgiven~for3d3ps). 

(b) AKZ’s summary of We resuZts. The 
hIdle3t morfditp (60 percwxt) occurred 
in the group of chickens receiving nei- 
ther penlcillSn nor 0sytetrawW treat- 
ment 3s compared with M mortali& in 
the gmup lx?cemlg Pelliduhl In fega 
and subsequent oxytetmcycline treat- 
ment. Penicillin-supphnented diets re- 
duccd mortality in chickens v&h 
systemic E. calf infection.s by 38 percent 
The u;e oE oWefriicycline treatment 
One wus enoW to reduce mortali& 
from 50 percent to 13 percent. The 
penicUln-fed groups shoxed better 
might min thm the control grows. 

Based upon the data presented when 
mortality, feed constm~~tios m.kht 
gain, and feed efilciency are considered. 
AEU concluded that the subtierapeutic 
use of procaine penidllin at 50 grams! 
ton did not compromise snbseqwnt 
thernpy of 3rMficalls induced systemic 
E. cuff in chkkens. r;hen oxytetmcycline 
12.5 milllsnms IX. was the thfzapeutic 
amnt. - 

Cc) Direcfufs amZ;igfs. The experi- 
mental de&n uxd vss inapproWa@z tu 
address whether the subtherapeutic use 
0fDeniculinillanimnlfeedFNIcom- 
promiUse therapy in diseeed CM&W% 
The establishment of a clinical in&&on 
by giving E. cotf 0raIl.y in chickens 
presents some practical problems, mhere- 
39 ch3llence vln in~uscuI3r injectian 
r&-ted In nmore uniform cUnfcaI effect. 
Hotvever. infection by the intramuscuI.ar 
route prevented the interaction. on the 
intestines. of the infecHng organism CE. 
colfJ and r&dent E. coZi, a cox&ination 
that ls knoc;n to be nwsary for s&c- 
tion of drug resistance. Therefore. the 
Director must conclude that this nork in 
chicken9 presented by ABI f3iI.s to ad- 
drexnpr.uwriatelyandto5atirfy~ 
health miterion 2(c). The work provides 
no evidence that sheds any light on the 
comwomise of therapy issue. 
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3. AI-II Ccmprtinise of Theram Studti 
in Swine.-(a) Experiw~ tf&on. 
Weanling swine were placed on a trial 
dfet (penicillin 30 grams/ton) for 21 
days. On day 21 the swine were orally 
infected with Salntcncllu choleW.?Uis 
(2.1~ 10’ C!FU> via stomach tube, follow- 
ing a 24-hour fast. Treatment was with 
nitrofurazone (110 parts pqr mflhon in 
drinking water) when the first clinical 
signs of sabnonellosis appeared. 

(b) AHI’s summary 01 the results. The 
highest mortalifw (30 percent) occurred 
in the group of swine receiving no 
penicillin feed and no subsequent treat- 
ment as compared with 10 percent in the 
group receiving penicillin in feed but no 
subsequent treatment No mortalits oc- 
curred in the groups receiving nitro- 
furazone treatment, regardless Of 
whether penicillin was absent or present 
in the diet, The scouring index mas high- 
er in the negative control group receiv- 
ing neither penicillin in the diet nor 
nitrofurazone treatment, while it was 
signSxcantl~ lower in the remdniw 
groups, Weight gain and feed ef3ciency 
were higher in the medicated groups 
than in the control groups. 

Although differences In mortality be- 
tween groups was not signiBcant when 
other parameters, such as weight gain, 
feed eflicfency, and scour index are ob- 
served, AHI concluded that the sub- 
therapeutic feeding of procaine penicil- 
lin at 30 grams/ton wilI not compromise, 
subsequent nitrofurazone therapy of 
artificialJy included Salmonella chole- 
rae3uis in swine. 

(c) Direct@ auul@s. -Any sbky of 
compromise of therapy requires a deter- 
mination of whether the subtherapeutic 
use.ofadrugresultsinanincresseinthe 
number of bacteria bearing R-plasmids 
that are capable of donating these R- 
plasmids to pathogens. The object of the 
AHl swine study waa ostensibly to deter- 
mine whether the subtherapeutic use of 
penIcUlin would compromise nitrofuran 
therapy. However, the resistances most 
commonly found to result from penicfl- 
in we in E. coli are resistance tb ampicil- 
Un, tetracycline, sulfonamides, and 
streptomycin in various combinations. 
Rarely will the subtheraneutic use of 
penicillin result in an’ increased mci- 
dence of transferable resistance to nitro- 
fuiazone (Ref. 1). For this resson a 
study that attempts to measure ccm- 
promise of theraps against nitrofurazone 
alone will be biased by design against 
showing a compromise. The nitrofura- 
zone group is useful tc show that the 
disease is treatable by an antibacterial. 
However, the study requires a group 
treated with a drug whose resistance is 
frequently -mediated by R-plasmids tc 
measure any comnromise of therapy, 
particularly because penicillin would not 
be used to treat an S. choleraesuis in- 
fection. Even though nitrofurszone may 
be one drug of choice for treatment of 
S. &Ioraesufs infection in swine, it use 
alone in the study of compromise of 
therapy is inappropriate because mtro- 
furszone resfstance fs not one that would 
ordinarily become a problem from 
penMilin use: moreover, because of ques- 
tlons about carcinogenicity, the Director, 

NOTICES 

in 8 notice published in the FmERat^ 
R~%.XSTER of August 17, 1976 (41 FR 
34699). propcsed to withdraw aPProval 
of NADAPs for the use of nitroftiazone 
on the gro~ds that it has .not been 
shown to be safe. 

The study should have been designed* 
with treatment of the disease by a drug 
to which subtherapeutic use of penicillin 
may cause increased resistance, e.g., 
ampicillin or tetracycline, to provide a 
more accurate reflection of what may 
occur in the field. This study k of no 
value in showing that SubtheraPeutic 
penicxlin feed does not compromise 
therapy by related drugs such as ampi- 
cillin or by drugs to which resistance 
would commonly occur along with that 
of resistance on an R-plasmid. For e.x- 
smple, ampic@in, t.etracycline, sulfon- 
amide, and streptomycin resistance are 
commonly hnked on R-plesmids. 

4. Questfuns Rafsed by FDA Funded 
Research. Due to the complexity and im- 
portance of the compromise of therapy 
Issue, FDA sponsored a study to develop a 
disease model with antibiotic susceptible 
orga&ms in a manner that would prb- 
vide suspectible pathogenic E. c&f with 
the opportunity to interact in the intes- 
tinal tract with R-plesmid-bearing or- 
ganisms and deveIop drug resistance 
(Ref. 2). A University of Missouri sur- 
vey for a tetracycline-susceptible patho- 
genic E. coli, however, failed to locate a 
susceptible strain in swine, and a com- 
promise of therapy experiment using 
tetracycline-resistant pathogenic E. colt 
was performed’ sccordlng to the follow- 
ing design 

(3 Experimental d&n. Swine were 
fed an unmedicated diet and two diets 
containing subtherapeutic levels of the 
combination chlortetracycline. sulfa- 
methazine, and penicillin; the mvestiga- 
MS then measured the effectiveness of 
therapeutic levels of chIoramphenicc1 
and chlortetracycline. 

DlET I-Vnn~cdicoted 

oroup: 
1_ _----- 18 No ___.____ None. ’ 
2 -v-w--- 
3.. ---_- - 

4 .------ 30 Yc3 .----.. 

DIET !Z-Clkrlo~yclin~ @I R/ton Ol fwd), shua- 
mm (20 g/ton of feed), and pc~olUn (10 &on 

a ;“P; 
--____- 17 Yes _______ None. 

2 ._-._-_ 21 Yes ----___ 

3 .---.-- 23 Yes --__--- 

DIET bCl~IOtitrac~clinO WI0 S/ton Of feed) salh- 
zpl&nc (100 g/ton of feed), and IXXMIU~ (do g/ton 

Qraup: 
3--r:- 14 Yw _______ Now. 

-- ~ . 10 Y@a -.____- Cldoramphenlwl- 

3- _-_ _-- 

FEDERAL REGISTER, VOL. 42, NO. l&l-TUESDAY, AUGUST 
I 

(b) Director% analysis. In each dlot, 
chlommphenicol treatment was &nifid 
cantly more effective for the treatment 
of the disease than was treatment with 
chlortetracycline. In fact, the results 
show that chlortetracycline treatment 
was no more elective than either tho 
untreated control group or the groups 
fed the combination of subtherapoutla 
antibiotics ia the ration, i.e.. the latter 
were inelfective. 

The Missourl study indicates that sni- 
mal therapy may be compromised whore 
the pathogen is resistant to the antf- 
biotic used for treatment 

6. Director3 Conclusion. The potential 
for harm resulting from compromise of 
therapy is clear, and no evidence has 
been submitted that adequately ad- 
dresses the basic issUe, the potential for 
subtherapeutio penicillin uso t0 com- 
promise therapy, since tho studies sub- 
mitted contained design deficicnoles. l%r 
these reasons, the Director eonoludes 
that the sponsors have failed to resolvo 
,the issue and thereby show that tho sub- 
therapeutic use of penicillin is safo in 
animal feed. 

RcFERsWocS 
1. Anderson, E. El., “The Ecolocy of Tmns- 

forable.Drug Reslstfmco ln trio Entarobna- 
t&a,* Annual ~ovlo)v of hiforoblolocy, 
22:181-180.1088. 

2. FDA Contmot 71-300. Unlvorelty of 
N~Esou.?~. 

6. Optimal Level of Rffect.iveness Unl- 
mal Health Criterion 4). This was orlcl- 
nally stated as a separate criterion ns 
follows: 

.The opthnum usngo love1 for caoh lnfllca- 
tlon of use of tho antlbnotorlnl drue nt 
subtieropeutlc levela shrill not increeso slga 
nlficantly vrlth oontlnuod UBO. 

Once the optlmum lovol $ cstobllehcd, R 
study shall contlnuo ovor succeodlng eon- 
oratlone or popuhbtlone of animala to dotor- 
mine if thla snmo lavol contlnurs to ylold 
the same moasurnblo onoot. 

No data were submitted on t,his issIlO 
far penicillin or penicillin-containing 
products. The failure to submit theso 
data was In part due to the innblllty to 
design such studies that would be mean- 
ingful in the 2-yenr period design&d 
for study. A study begun in 1272 was 
submitted by AHI which compares the 
effectiveness of four antibiotics (ohlor- 
tetracycline, tylosin, bacltraoin, and vir- 
giniamycin) to a nonmedicated group 
in swine (Ref. below). Tho study wns 
conducted at only one location: ksts 
at several locations are ‘necessary to 
provide any evidence they may have 
general application to the swine lndus- 
try. Moreover, the antibiotics were not 
fed to the swine at graded dosngo lovols 
(dosage titration), which Is necessary to 
determine the optimal level of tho drug’s 
effectiveness. That is the first step in 
attempting to address the concorns, 
Without that evidence, the DIrector can- 
not make any determination about the 
role of R-plasmid-bearing orgunisms in 
the continuing eXectiveness and safety 
of subtherapeutic use of any tested unti- 
biotic in animals, including penioihin. 

RETERENCE . 
Lunglob, B., 0. Oromwoll, V. Hnye, %Ulu- 

ewe of Antlbnoterlal Agonta in Food In tho 
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pathogenicity muy aeh be found in tha 
future- 

Although P3thogeaicltY b fmww 
determked by more than one factor, the 
sddition of a sin& specific cbluacter to 
a nonvhulent orgnnkm am endow that 
organ&m r&h vindena and the POten- 
tial dangers of this clxuacter bet% me- 
diatedbya trcmmhaxe element fir0 
appareut Because R-~Iasmlds and vSrU- 
bmce phxmkis can resldc ln the same 
bacterial cell, the ~o+blbty kj mcr$+- 

l.lm2.&7~ound and criterion. It is ckar 
that bacterial pkcnids COnkibUu? s&Z- 
lLl&alluY to aq organism’s capacity to 
pmducediseaseand twurvivewithlnthe 
host organism G&f. 1). The production 
of ent8roto~ for exsmpk is an@== 
f&d thAx3r in the pathogenic&v of B. coli _ ing that p&mfds that contribute to 
strahe of porcine or&in. and smith and pathosenfcilY mny become more widely 
HMS CR&. 2) demonstrated that this dlss-ted emons ba&rinI specks 
property mas goPernea by a prssmia. due to the sekctlon of the lar6c rcservolr 
termed E.N% Sbnllar&, the genetic de- 
t.emmants ‘for enterotixin production. 
in E. cdl lslated from calves and lambs 
have aLso been shown to be controped by 
tamed&ble n’lasmid (Ref. 3). Recent 

of R-plnsmLds vJMlin enterIc 0wmIsms. 
For these ressons, FDA estoblJshed 

Human and Animal ReaIth Safety Cri- 
terion 3: The use of lam and/or inter- 
medlat8 lereki of an untIb3cterlal drug 
fx$lZ.~, enhance the pathozcnlcity of studies suppoG the Premise that e&.m- 

t&n-producing strains of E. CoU are 
&o responsible for a signilicant ProPor- 
tion of previousk undia9nosed human 
-heal disease Gtefs. 4 through 6). 
correspondhg to these studies in do- 
mestic animaks, r~earchers have mm 
&o-@a that the ability of E. coli strains 
of human origin to elaborate e&m- 
toxtu IS mediated by a trausmissSbh? 
plasmidGkfs.?and8). 

III .addition to toxins, other p&mid- 
.mediated virulence faotors have been 
&scribed. One of the charact8ristiCs Of 
the diarrheaI disease caused by entero- 
t0xigenic~.wEinmanorsnimalnlsthe 
ability of Iarge munbers of the bacteria 
t.& colonize the small bowel. There fs evi- 
dence that a surfsce essociated antigen 
K88, on E. coli t43xlgedc for pigs facili- 
tat@ c010niaati0n since the antigen 
functions to overcomeiutestmal motlhty 
and other clearing mecbanlsms CR&s. 9 
through 13) _ Further, Orskov et al. <Ref. 
l .tUs&mE that 588 production is gov- 

kansmzsible plasmid. A sim- 
ilar antiger+ K99, has been described for 
CaIves cft8fs. 15 tbrougil 17). IKoreover, 
these K-ixntigens play a role in the host 
specificity of these pathogens. The I88 
antigen from porcine isolates is unable 
to produce adhesion to the calf intestine. 
andtheK99calfantigenisunabIetoad- 
here i-o the pig intestine G?.ef. 15). A 
sim.iIar p&mid-controlled surface anti- 

, gen has recently’been described in a 
&ram of E. coZi, causiug severe human 
diarrheaI d&s& (Ref. 18). 

Another way plasmids can contribute 
to virulence is exemplified by the colicin 
V plssmid G&f. 19). Colicin V ls the 
most common colicin produced by E. coti,. 
and pathosnic E. coli containing the 
co&in V phucnid have a greater abibty 
to resist the host species’ defensemecha- 
nism (Ref. 19). Such E. coli also tend to 
be more refractor to the bactericidal 
eftects of undefined components fn se- 
rum. In addition, Smith’s experiments 
incbickensandinhumans reveal that 
the colicin V R-pkmid confers on or- 
ganisms an hmeksed abihty to survive 
intheaZimentarytract.asweIIasinthe 
tissueCELeL20).Onthebwsoftbisevi- 
demo. the Dim&r believes that other 
plssmid-mediated factors that enhance . 

FDA’s gufdehnes requkcd a cerfes of 
well designed studies to deWmSnc if the 
use of antibacterhd dru3s fn unhnrd 
feeds e&awes pafho3allclty of Gram- 
negatire back. First, the sponsors vcro 
to determiue if ~Icsmlds co&n for tosfn 
productIon could become IWed &I an R- 
p&mid and be tmnsfemxi in vitro. Ii 
this was demonstrated in r$nn-free unf- 
ma&i. aperlments were to he conducted 
hi conventiwlnl mllmnls. 

Due to the pro3ressionaI nature of the 
studies, the Director did not rewiru the 
smmso~s to complete tbc studfcs during 
the time nZloted by 6 558.15. The @on- 
sors mere committed to conduct such 
studies and to submit reports on the stud- 
ies at regular intervals. The AHI did 
submit a study conducted by Dr. John 
Walton to examine the ossoclatfon of 
p&mid-mediated toti production with 
R-phi.%Wis, and data were also obtained 
from FDA contracts with Dr. SkUdey 
Siblkow and Dr. Carlton GyIes. 

2. T7aUon Swig. The Walton study 
mef. 21) reported in vitro tmnsfer ex- 
perlmeuk uslns a donor orgonkm bear- 
lng both the enterotoldn plasmfd and 
R+ factors uutibiotic resistance plas- 
mfds and a reclplent orfgmlsm tbnt lacks 
an R-plasmfd. V7ahon concluded that 
subsequent seIecUon of R-k tmnscon- 
Jugants does not sekct for entomto.sin 
productlon. 

The Director finds that the study con- 
tained major shortcomings ln the procc- 
dures used. and he reJccts Walton’s con- 
clufons as inadequately supported. The 
enteroto.xIn-pmducin9 strolns (contain- 
ix ~Issmids termed l2NTl used In the 
experiment mere inadequately c$awncd 
for the frequency of tmnscer of their 
ENT plasmlds and the number of R-t- 
transCoslusantS t&cd for ENT tmns- 
fer (20) rms lusuac1ent siuco only 8 
frequency of 5 Perqnt or sreater could 
be detected From ench matIns. 20 trans- 
wnfusfmt colonies mere Pooled rind sub- 
cultured into 100 mIhIbters of nut&rat 

‘broth: then they mere grown ovemlght 
to obtain cells and supemctant ffuid to 
test for toxin pmductfon. Hoacrer. no 
positive control wss included In the en- 
PMmenttoshowt‘batlnscreenmg,1 
known EINT -I- colony, out of 20 colonies. 

c 
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would produce a positive reactIon for 
toxhl ProducumL For these l-easom the 
DIrector concludestbattbestudyneifher 
condusively resolveg the issue nor evep 
pmvides adewaf8 evidence TV support 
tha conch&on that sekction for R-k 
~~~~~ not select for en- 

3. FaZ?:om Stud~~rr) In titro tmns- 
fcr. On the other hand, Pallaw @DA 
Contract 734210) uuegufvocz@ demon- 
strated that EN’J! and R-pkSnfdS do co- 
txansfcr and that drug selection for the 
R-plosmid and subsequent clonal screen- 
ing for RNT w an adequate Iaboratom 
to61 for deteoffon of cbtntlsfer. 

In on in vitro matlmr. E. c&i Kl2 
<coned o boriue Eii% plasmfd. a 
K-antI~3cn-dekrmlnin~ pksmfd (BL49). 
and an R-phxvnfd ~od[ns for tek%y- 
cllno and skeptomycin1 TZX crossed to 
three drug-senslu~ E. CoZf Kl2 ma- 
cnt strains. The rcdpkllt zLifm.b p;ete 
rifampbln redstant, and the donor +x 
rlhmplchx sensitive. The rifampicin-re- 
s!stont recipfeut that received the fetra- 
cycUne4reptomycfxx phsmid mere re- 
cowred on rlf3mplcin-t8trncycllne drus 
plateq these recombinant clones wxe 
then scored for coSnheritance of ENT 
and x99. of 225 clones tested C75 from 
each of the 3 crosscs~~ 2 ctones (0.88 per- 
c&l recetved both ENT and BI994-. 
Thus. cotzansfer of m9 and ENT plas- 
mid for nathoznicitp uith the t&racy- 
cllnc-streptomycin drus - plai- 
mid was of a Iovz but detectabIe mcd- 
dence. 

In another ia dKo mating study, D 
bode enterotos3genic nonkictose-fer- 
mcntiug E. coZf isolate (B44) kontain- 
ins the follomfss plasmids: ENT, K99. 
and an R-plasmid GM contaMn,n genes 
ctxilug for am~iciIliu. chloramPhenicol 
knnnmrcin, and streptom!?& reskt- 
once) ms crosed tith 8 lactose fer- 
menting strain of E. co?& I(92 strain 
1485. Lnctose-ferment& and chkam- 
phenfcol-nxilstant tirunscoti~u3~ts me 
scoredforK andENT. 

The incidence ofK99 plarmid transfer 
was 3/37 (8 percent) and the incidence 
of the ELNT plasmid transfer TS 9f37 
(24.3 percent). Furthermore, the inci- 
dcnce of K99, ENT, and Rx cofxansfer 
was 3/37 (8 percent). 

(b) In &IO trunsfer. FalSiom fed R44 
E. cotf bearing resistance cR3, ENT, and 
X99 plarmfds to baby calves, and fn vfvo 
transfer of the CRz) plssmfd to ind&e- 
nous microffora was monitored. In one 
czqmlment, ENT p&mid vzas cotrans- 
ferred at an incidence of 3139 (7.7 per- 
cent) ; honever, R99 !vas not transferred. 
In mlother in vivo transfer experimfmt, 
tha ENT *ins cotransferred at an inci- 
dence of l/88 (1.1 pace& and cotrans- 
fer of K99 did not occur. Rut Won 
of .K93 cohvlsper ms hampered by the 
Uutoarrdutinaffon Of 50 nercent of the 
tran&njnmts when &de a%brtina- 
tIons with R93 antisera xvere performed. 

From these experiments. Fallow con- 
cluded that Poxxssfon of an R-Plasmfd 
by an enteropatbogenic strain does not 
ctlmmntee cower of RNT or xP9: 
iievertbel&, the impllcatlons of cotrans- 
f er at even a low inddence in the futeeti- 
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nal tract of an animal, should the ani- 
mal be exposed to the same antibiotics 
to which the entero~ogen 5s resistant, 
has potent public health consequences. 

4. Questions rafsed by other studfes. 
(a) Naturally occurring toxigenic strciids 
of E. calf are often multiply resistant. 
and during a recent hospital outbreak 
of infantile diarrhea in Texas, Wachs- 
muth et al. (Ref. 231 reported that alas- 
mid-mediated toxin production and 
multiple antibiotic resistance was dem- 

. on&rated. Transfer of a 67 X  10” and 
30 X lOa dalton plesmid was associated 
with the transfer of resistances and en- 
terotoxh Production, respectively. More- 
over, when antibiotics were used to 
select E. calf K12 recipients from a one- 
step bacterial cross, all the resistances 
were concurrently transferred, and 36 
percent of these drug-resistant recipient 
organisms also transferred their’ ENT 
plasmids and produced enterotoxin. 
Clearly, the Director must conclude that 
D-plasmid transfer can enhance the pas- 
sibihty of ENT transfer and the pro- 
duction of enterotoxin. 

fb) Translocation is believed to be the 
primary mechanism for the dissemina- 
tion of resistance genes in vivo. Under 
FDA Contract 223-73-7210, Palkow has 
been able to show the translocation of 
antibiotic resistance genes to ENT plas- 
mids in vitro. De also demonstrated that 
ENT plasmids can acquire resistance 
genes from R-plasmids if they inhabit 
the same cell. Ampicill in, sulfonamide, 
and streptomycin plasmids constructed 
in vitro by translocation are iudfstin- 
guishable from such ampicilliu plasmids 
obtained from clinical isolates of E. coli 
and SolmoneZZo (Ref. 24). 

More recently, Gyles @DA Contract 
223434210) demonstrated the in viva 
transfer of ENT plasmids in the Me&i- 
nal tract of p&s, u&g the selection of 
tetracycline-resistant recipient orga- 
nisms as a basis for screening ENT-I- 
recipient colonies. Ah of the 36 tetrtiy- 
chue-resistant recipient colonies ob- 
tained were shown to bear the EN?? plas- 
mid. Gyles also showed that tetracycline 
resistance and euterotoxin biosynthesis 
reside on the same plasmid. 

5. DO-ector’s C~onclzuions. The evidence 
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6. DuPont, H. L., 8. B. Form& It. B. Hornick, 
M. J. Snyder, J. P, Llbonatl, D. ct. Sheahan, 
E. H. Le@ec, and J. P. Kalas, “Pathogenesls 
of Escherfchfu calf Dlarrhe8,” New Englland 
Journal of Medlclue, 236:1-g, 1971. 

‘7. Skerman, F. J., 8. B. Formal, and 8. 
Falkow, Plswuld-Assoclatsd Enterotoxln 
Productlon In a Strtdn of Escherichta coZ1 
IooIated from Humane,” Infection and 
Imnumlty, 6:622-624, 1972. . 

8. Smith, H. W.V.. andId. A. Llnggood. “The 
Tmnsmlsslble Nature of Enterotoxln Pro- 
ductlon ln 8 Human Enteropathogenlc 
Strain of Eschcrichfa cob; Journal of Medl- 
Cal Mlcroblolo&p. 4:301~05,1971a. 

9. Grskov, I.. F. Grskov. W. J. SoJka, 8&l 
J. Id. Leach, “Simultaneous Gccurrence of 
Eschdch& coli B  and L Ant&ens ln Strains 
from Diseased Swine,” Acts P8thologlcs et 
Mlcroblologlca Sc8ndln8vlcs, 63 M&422, 
1961. 

10. Orskov, I., F. Orakov, W. J. Soik8. and 
W. Wlttlg. “IX Antigens K33ab(L) and K33nc 
(L) ln E. colt. A  New 0 Antigen: 0141 and a 
New K Antigen K39 (B) ,‘I Acts Pethologlca et 
Mlcroblologlca Scandbmvlca, 62S30-447, 
1964. 

11. Smltb. H. W.. and hf. A. Llnamod. “Ob- 
servatlons on the- Pathogenlo %pe.&lees 01 
the K33 Hly and Ent Pl8smlds of Escherfchfa 
coli with Purticul8r Reference to Porcine Dl- 
arrhea,” Journal of MedIcal MIcrobiology, 
4:467-436.197lb. 

12. Jones. G. W. and J. M. Rut&w, “Role 
of the K63 Ant!gen ln the Pathogenesls of 
Neonatal Dlarrhes Caused by Escherfchia calf 
ln Piglets,” Infection and Immunity, 6:91&- 
927.1972. 

13. Eohmann, A, and hf. R W&son. “Ad- 
herence of Enteropathogenlc dscscherfchfa toll 
to Intestinal Eplthellum ln Vlvo.” Infeotlon 
and Immunity, 12:366-330, 1976. 

14. Orskov. I., 8nd F. OElkov, ?Eplsome- 
Carrfed Surface Antigen K63 of Escherichia 
colt I. Transmlsslon of the Determlnent of 
the K33 Antigen and Inlluence on the Trnns- 
fer of Ohromosom81 Markeia: Journal of 
Bacteriology, 91:69-75.1966. 

15. Smlth, H. W., and Id. A. Llnggood, 
‘Further- Observations on Escherlchta coli 
Enterotoxlns with Partlcubu Regard to Those 
Produced by Atypfc81 Piglet Strains and by 
C8lf and Lamb Stmlnx The Ransmlsslble 

from bon a a&o and h v&o exp&-- NUture Of These EIlterOtOxJno and of a K  
meI& demonstrates that ENT plasmids Antigen Possessed by Calf and Lsmb Strains;’ 

Journal of &fed&al Nlcroblology, 5:243-250, and R-plasm@ can become linked. Only 8 ~g72 
- - Dr. Walton’s study describes data to the 16: Orskov, I-. F. Orskov, H. W. Smith, and 

W. J. $ojka. ‘The Fatabllehment of K99, a 
!ChermolaWIe. Transmlsslble Eschertchfa coIf 

COntrarY; however. his study is inade- 
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E. Tfssue Residues (Criterion 4) 
1. Backoround. FDA hns established 

zero tolerances in tissues of chickens, 
swine. pheasants, and quail, in mtlk and 
eggs for peniclllln, its salts and residues, 
Negligible tolerances of 0.05 part par mtl- 
lion exist for the uncooked edible tissues 
of cattle and turkeys. In all cases the 
tolerances are a function of the lowost 
limit that the penicillin ussay methods 
can reliably mensure; thereforo, the 
agency in effect permits no residue of 
penicilhn in human food. FDA CstCrb- 
lished these “zero” tolerances because 
there is no scientific evidence to support 
a no-effect level for penMUn or its 
metabolites on the human or animal In- 
‘kstinal flora or on tho induction of hy- 
persensitivity. Violative, over tolerance, 
penicllhn residues are regularly report&d 
by the U.S. Department of Agriculture, 
Animal and Plant Health lnsflfxtion 
Service residue monitor& Programs. 
The FDA followup investigations on the 
reported violations demonstrate that two 
routes of administration are primariljr 
responsible for the violations, in$eotion 
and feed use; and most of the violations 
are caused by the product mi6Us9, ill- 
eluding failure to follow the labelccl 
withdrawal period. 

2. Criterion. FDA’s guidehues requested 
the following for antibiotics: 

c0ntrollcd etudlej l l l to dotcrmino 
whether or not an antlbacterlal drug Us&l 
as subtherapeutIc 10~018 in the iced Of nnl- 
mfds remlte in residuce of the ~aront corn- 
pound, metabolltca, or degradation produots 
in the food ingested by man whloh are 
capable of causing (1) an lnorcnsc in tho 
prevalence of pathogonlo booterla: (2) all 
increase ln the reslstonce of pathogonlo bsa- 
t&a to ontlbacterl81 druge used ln human 
cllnlcal medlclno, 

~d.L’O&d StUdiCfl bl 8DDrOpl-,lLto t& ‘,bb 
mn.ls shall bo conductEd -to dctonulno 
whether tho consumntion of food nroduccd 

(a) 2 lncreaso In tho lntcstlnnl flora of 
the prevalence ol pathwontc bnotcrln: 

(Ii) An lnarenei in the dcgrco and apca- 
hwnofbwdsbncooftholntiwUnnlflor8to 
irug6 used in humon cllnlo8l m&lclnO. 
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hypknsltivlty reactions ocaming %  a re- 
sult oi parenteraz or top- w to cllu- 
bz3&&aldrugeaswellesthos3~in 
fooda When hype=dSUlvlty has been shown. 

-. experlmerrtrc in appropriate lsbotatorp al- 
male must be conducted to develop e&i- 
mates of what xiwel of anti- 1drugs- 
food vdll cause the production of hyper- 

- sensltlvlty. 

-AccordhgYy, IMz lmdertook to inwsti- 
gate the abIUty of penMllol~ a&& one Of 
the m4or degmdation pmduck, to 
stimuhxte the development of resistant 
orgadsms In the lntesthnl tract. Groups 
of birds on three rations were studled, a 
basal ration, a ratfon of 60 grams peni- 
cDSn per ton of feed, and a ration of 50 
grams of penicihob acid of feed. Two 
x-es&w mmkers, tetrwymo and 
streptomycin, were sep3I3tcYY hlcollJo- 
xa&dakcre ngar to act as indfcators Of 

3. Datu submittedi Because there is a 
“zero” tolerauce for peniclhm and no 
residues are expected when penicillin-, 

. 

aua&flectic reacticns cwurrhg from 
the penicillins and their dcgradatkm 

cons produck are used in accord- 
@ lee with their labeled withdlawal 

produck. Human resctfons to milk IT&-- 

periods the spollsors of penicil.hn were 
exemded by the Dkeckr from sub- 
mitt&thetAtdata.Thus,nodatahaVe 

. been pnxided by the s~onsom to show 
whether the consumption of food pro- 
duced by srdmals recekkg subthen+ 
peutic levels of pmrMUn w3hresuItfnan 
increase of pathogenic bacteria in the In- 
kstinalfloraof aaimnl.c oranincrwsefn 
the degree and spectrum of.rdstance of 
theMestkalfioratodrussusedinhu- 
i&nclinicalmedioble. -- 

ThefirmswerereqWedanddid.in 
fact, provide literature data on hy~er- 
sensitivity reactions to pfamix~ These 
documented the weIl known al.e~~%~aud 

NOTICES 

The Percenhge of lnctose-fermcntmg 
orgauisms in the ffxu of birds on the 
basal ration remained relatively low for 
the period of the espcrhnent, but the 
bfrds on the penicihln and ~cn!cSUolc 
acid dlek showcd a rnarrFtihffg 
level of such onmnkms -. 
Although the resulk exhibit borne vark- 
tion due to several experlmenkl fnctors, 
Fe res~tance p@xq of the lactose- _ _ . - - zcl7llcll~ry OrgLtauwru W”Juwu auvn EU u z--_-L,-- _--a-- .--1-.- ,.*a-- m 1 
continuous rise in the perceut re.sYshnce 
as reacted in the streptomr~ m&xx. 
The resistance pattern reflected by the 
tetracydine marker was mom variable, 
but detl.nlkly ‘present. However. the 
leveY.3 of drug rcsistnnt lactcso-fexment- 
lug organisms found In the feces of birds 
fmmboth the penlcuUn and PCUMYYO~C 
acid supplcmenkd feeds arc at lust four 
tdmes guter than the levcds found from 
birds fed the basal ration. Although not 
sktisticahy proven. the marbed incrzcse 
fn redstance refiected by the marker 
strongly supports the Premfsc that Pcnl- 
cmoic acid can stimulate the develop- 

of penMlUn to chickens may uusc an 
incream iu resIstant lnctose-fermenting 

ment of resisk.nce. 

orga. Shee the prlncl~31. Inctie- 
fermenting organisms rue E. cd, and 
antibfotic resistant E. COH have been 

Accordingly, the DIrector must con- 
&de that fee&g subthempeutk levels 

demonstmted to transfer R-factors to 
pathogens, the Director must conclude 
that the subthempeutfc use of penkUhn 
may contribute to an lncause in the 
prevalence of pathogenic bacteria in the 
intestiual flora of chlckeus which is con- 
trary to the crikqfon eshbhshcd. No 
data have been submitted to rebut tbk, 
and for this recson also the Dbxctor 
must ccncIude that ~cnfcfllln has not 
beenShO~tObCSC&?. 

-m 
1. Tscbcvschnq L. cpcnlclUa AnaphyW9 

Foumving Pork cO~ptlon.” Zaltschritt 
ftlr Haut-und Qrzhlkhls-gmrrkhcltcn, 47: 
601.1972. 

2. mtz, 8. B, 0. A Passbender. P. 8. Din- 
nersteln, and J. J. Dc~Ung, Jr. “Ef7cct.v of 
l?kedlug Pc.nlclllln ta cblckcn&” JOnnull of 
the hssoclntlon or omclcl halytlul Chcnl- 
kts. 61:622-6ZO.lB74. - 

nntedasnctiveinawnewanimddrw 

rrested in the Yabelhuz. FUrfhrmcre.if in the &zence of expGss ldxUng claims 

combinatfonmust make a confxfbutlon to 

of advrmbges for the combfnatfon such 
a pmduct pumork te be better than 

thoeffectfnthemannercMmedorsag- 

either comnoneut alone. the sponsor 
must eskbl&h that the new anfr& drug 
hns tbnt purgcrkd effectiveness~ The re- 
quirement of eikctivenea iufiudes the 
rcqulrcmeut that the most effect&e level 
for each comDouhd be used. In the csse 
of drug co&nations for concurrent 
thempy. the requirement of efkitiveness 
include; the requSrement that the dosage 
of each component k such that the com- 
blnat!on fs safe and elective for a popu- 
YaMon of -cant sk.e sspt!cmca.ny de- 
sulbedIntheYabeYingasrequiringsuch 
wncurrent therapy. Therefore~ to dem- 
onstrnte that the penicmin-ccmtainfng 
premixes are effective for t.hera~~~Kc 
use.thesponsorsmustsubmit.!naccord- 
osco with section 512(d) (3) of the act, 
sub&u&iaI evidence consisting of ade- 
quate and vmU conkoIled investigaf&ms, 
as defined by 0 514Xl<a) (5) 21 CER 
SU.lllCa) (5) 1, inchuikg field fnvesti- 
galMoDs, satisfying these rtqukemenk. 

Nolnhrestedpersonhsseversub- 
mItted substantial evidence that the 
penfclUIn-conhinhg premixes are efk- 
the for the claimed therapentlc uses. For 
this rcwm the Director concludes that 
there is a Yack of substantial evidence 
that the muduck are elective for thera- 
wuticuseInnnimalffx&Moreover.thfs 
action will assure that these levels are 
not Used ilIegrd.ly to repIace the sub- 
thenPeutfcuses’thatareahobeingvJith- 
drawn. 

aufs after treatment of kfe+orIs of 
-glsndsti~peniciUln 
frcqufmt cause of sllergic respon$vZ~ 
sequently, withdrawal p&&hi from dmg 
usage have been developed before edible 
products are marketed One’ kstauce 
CR&. 1) was cited of asevere hypcrsensf- 
Vi& rea~t$n~~~~ded pork contain- 
ing- 

4. DirecWs Ami&si.s and Concl~ns. 
AstudycaxriedoutbyRatzetaLaRei. 
2) exam&d the effect of feeding penf- 
cillin on the development of residues in 
edible t&sues and the nature of the resi- 
dues. Although no t&sues conk&& de- 
techbIe pertHUn or ik degiadation 
~mkicts. penicillin and ik degradation 
products were detected fn the crop, pro- 
ven~~ulus. &zard, aud duodmnuu, but 
not fn the small hte.stiue from where it 
mkzht be absorbed hlt.0 other hcdy tis- 
sues. At the sane time chicken feces 
contained high 1eveYs of antibiotic re- 
sishnt Gramaxative lsctose-ferment- 
ing o- TP resumably E. coZi), 
aIthough no penicillin was present fn the. 
feces. 

The study, however, rakes a question 
about the safety of ~rmicihiu Although 
no tissue residues were detected. the 
feces of bmihxs fed growth pmmotant 

. levelsof penicUn in tbelr diet exhibited 
8 fairly high percentage of antibiotic- 
resista& lactose-fermenting organkma 
The resishuce wss found in spite of the 
f&t that no antibiotic activity could be 
fmmd fn the duodenum of the birds. 
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NW/NRC eYdu8ted these preparations 
as probably eUectiv8 for growth pmmo- 
ffgt anifcf.~g.?-& Feds 
uck luck SnbstanW evidence of eplec- 
tfvenm that each imzredfent desisnated 
03 nctive nukes a contrIbutkm to the 
total eEcctkeness: cIafmed for the drug. 

The agency concurredwfth these evaI- 
tmtions, and it provided the manufac- 
turfzrsof thesepmduck6monthstosub- 
mlf&dawd8 documenktidn of the 

Section 512 of the act (21 US.C- 36Ob) 
requlresthatanew~drugtivethe 
cl?c!ct it purpork or is represented to 
ham under the comUMo.ns of use pre- 
scrmd. recommended. or suggested in 
its labeling. For tlxed co&bSnation drugs, 
0 514&b)(8)(v) (21 CF’R 514.ltbb) (8) 
69 1 requlrcs that each ingredient deslg- 

In the FEDERAL RrGIsIEx Of July 17 and 
21.1970 (35 FR 11533.11647,11050) FDA 
anuounced the ccnch~~lo~~ of the Na- 
tional Academy of Scfenc&Nutlonal 
Research colmcil Drug Emcncy study 
Gmw wncemhg the penlclllln-conhin- 
ing premixes Mended for subtherapcutl c 
and therapeutic use In NIImnl feeds. The 
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VL co4Nc.LU90g 
Fursunnk to 9 55815. the hoYders of ap- 

proved NADAk for penfciUb.a-conkkiug 
drug products intended for subthera- 
peutfc use in anhnal feeds have the bur- 
den of evtcbllahmg that thk use fs safe 
hl ~~cordnnce with the criteria and 
suidelhes established by that regulation 
in addition to the btic remdremenk im- 
pod by the general safety pmvhions of 
tha Federal Food, Drug. and Cccmetic 
Act.TheDlrectorfnthi.snotkehssset 
forth in detail the bask for the criteria 
and guIdelines implcmentkg the regu- 
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latiommd this a&ion. The holders of the 
approved NADA% have faiZed to satZsfY 
the legal requirements lnlPcsed by the 
repulatlons, and they have failed to me- 
solve the basic safeti ouestlons that 
UnderZle the subtherap&ic Use of penl- 
clllln in aulmal feed. 

(a) The pool of Rrplasmld-bearing or- 
ganisms is widespread in the environ- 
ment of man and 8nlm8Zs, and antfblotic 
reelst8nce is increasing In pathogenic 
and nonpathogenic E. coli and Salmonel- 
la. The reslstanw patterns obseived fn 
these E. wli and S8hnoneBa koZau?d 

. 
from anlmafr are simlhw, and these pat- 
terns are similar to the resistance pat- 
tans observed in the strains isolated 
from man. The R-plasmids found in or- 
ganlsm lsoIa.ted in man and animal are 
fndfstluguishabZe, and common serotypes 
of these organisms infect both man snd 
anlmabi. 

NOTICES 

which evidence was submitted in accord 
with 0 658J5 prtrportiqg to resolve the 
s&e@&sues,8ndheismiawareofany 
‘spohsor that Bled a‘wmmitment to con- 
auct the requisite studies but that sub- 
mitted no evidence. NevertheZess, the 
DIrector wnchrdes that the approval of 
am NADA for which a commitment to 
conduct appropriate studies was lXed but 
whose holder fUed no evidence should be 
withdrawn on the grounds that the 
holder of the NADA h8s falZed to estab- 
Zlsh and maintain records and make re- 
]itrt&a.s required by appropriate regu- 

AddltlonalZY, under section 512 of the 
act, the holders of the approved NADA’s 
have the burden of demonstrating that 
the products are effective for their indl- 
cations of Use. Bssed on the evidence 
now before him, the DIrector is ~naw8re 
of ang adequate and weZZ controlled ln- 
vestlgatlons demonstrating that the The studlea sUbmitted by the holders 

of approved NADA’s through the Animal - PeniciZlin-cont8iniU8 Uremlxes are effec- 
Health Institute wnfirm the prevalence tlve for the theraPe<t~c uses. . 
of R-plasmld-bearing organZs& and the 
ablZlty of these orgpmjsms to transfer R- 
phunuids to other strains, even in the 
absence of antibiotic pressure. The ABI 
studies were aZso inadequate to messure 
the duration and mevalance of the Sal- _~~_ ..~ ._.~ ~~~ _ 
monella bfections because demonstrably 
inadequate me8sUrlng f&CMqUes were 
used to gather the information. 

(b) The potential for harm arising 
from a compromise of therapy is well 
documented. None of the studies sub- 
mitted on compromise of therapy address 
the fundamental issuethe ablZltg”of R- 
p&mid-bearing orgasisms to interact 
and donate these ~Zesmlds to other ar- 
g8nieme in tpe intestinal tracts of a& 
2tWs 8nd to 8cqulre resistance to a drug 
related te the subtherapeutic drug glva 
F&her-more, no evidence w&s submitted 
to show that the effectiveness of sub- 
therapeutic pemclBin Use over time is not 
being altered by the development of R- 
plasmid-bearing organisms. 

tc) The evidence demonstrates that 
R-plasmids controZliug pathogenlclty. 
drug resistance. and lntestinaZ motlZltY 
c8n and do cotmnsfer in vitro and fn 
vivo. 

(d) Subtherapeutic doses of penlc@in 
and penlclhanlc acid in chickens c&uses 
an iGue8se_.ln drug-resistant lactose- 
fermenting organisms, e.g., E. CoZf, in 
tbelr feces. This phenomenon demon- 
strates a potential for harm, and ade- 
quati refuting evidence has not be rmb- 
mitted. IU addition. inadequate evidence 
has been submitted to negate questions 
on the potentlaZ for hsrm associated with 
pemclbin hyper&ensltlvltY andsubthera- 
peutic PenlciZbn Use. . 

te) Under B 658.15. the hoIders of aP- 
proved NADA’s were required both to f.lZe 
commitments to conduct st~dles that 
Would concluslveZY resolve the s8fetY of 
the subtherapeutic Use of antibiotics-fn 
animal feeds and actual4 to conduct 
those studies. To ensure compbance with 
the letter requirement, the regUEi%lon 
required holders of the approved NADA 
to ffle periodic proimss reports on the 
studies. The Director fs proposirfg to 
withdraw approvsl of aZZ NADA*s for 

On the basis of the foregoing anaZysis, 
the Director Is unaware of evidence that 
satisfies the requirements for the safety 
of peniciZhn~wntalning premixes 8s re- 
quirea by section 512 of the FederaZ 
Food, Drug, and Cosmetic Act 8nd 0 558.- 
15 of the agency’s regulations. Accord- 
In@, he concludes, on the basis of new 
information before him wlth respect to 
these drug products, evaluated together 
with the evidence avalZabZe to him when 
they were orlginahy approved, that the 
drug products are not shown to be safe 
Under the conditions of Use prescr%ed, 
recommended, or suggested in their 
labeling. The evidence, in fact, indlc8t4?s 
that such penlcihiu Use may be unsafe, 
partlcUl8rZY if the higher or therapeutic 
levfils of ~enlcllZln should be Used as sub- 
stitutes for the levels current@ used sub- 
ther8peutlc8Zly. 

Therefore, the DZrector announces he 
is proposing to withdraw all approvals 
for PenlciZZin-containing premix prod- 
ucts intended for Use 5x.1 *animal feed 
whether granted under section 512 of the 
act or section 108(b) of the Animal Drug 
AIUeIXZ$u?ntS. Of 1068 (Pub. L. 80-389) 
on the grounds that they have not been 
shown to be s8fe, and Lack substantial 
evidence of effectiveness for therapeutic 
Use. Notice is hereby given to holders of 
the apmovals listed above and to aZZ 
other interested parties. If a holder of an 
approvaZ or any other interested person 
$tec$i to.av8iZ himseZf of an ~q~portunity 
Ior ne8rmg pursuant to sections 612(e) 
(1) (B), 512(e) (1) (Cl, and S12(e> (2) 
(A) and 3 514.200 (21 CFR 514.200). the 
party must file with the Hearing Clerk 
(BFC-201, Food and Drug Adminfstra- . 
tlOn, Rm. 4-65.5600 Fishers Lane, Rock- 
ViUe, MD 20857. a written appearance re- 
Questing such a hearing by September 
2% 1977, Bivlng reasons why approval of 
the appZlc8tion should not be withdrawn 
ad Providing a well-organized and full- 
factual 8XUdYSis of the scfentinc and 
other lnvestlgatlon8Z data that such per- 
son is prepared to prove in support of its 
opposition e0 the Director’s proposal 
within 60 days. Such analysis shah in- 
clude all protocoZs agd UnderWing raw 

data and should be submitted in aocord- 
ance with the requkements of 8 314.300 
09 (2) and (d) (21 CFR 314.200 (0) (2) 
and cd)). 

The Director will soon issue a sopnranto 
notice in the FEDE~ Rxaxmzn prow&g 
to withdraw approvaZ of aZZ tetraouoIino- 
containing new nnimd drug produots 
Wznded for certain subtherapeutia ~scs 
in animal feeds on the grounds that thy 
have not been shown to be safe under 
section 512(e) (1) (B) of the not and 
0 658.15. Data addressing the safety and 
effectiveness &sues for the tetrnoyolina 
component of those products should bo 
submitted at that time. 

The failure of a hoIder of an approval 
to ffle timely written appcar8nce 8nd ro- 
quest for hearing as required by 
B 514.206 constitutes ftn eZeotIcn not to 
avail himseE of the 0pportuhit.Y for a 
hearing, and the Dlrector of the Burobu 
of VeterlnarY Medicine wlZZ summarfly 
enter a flnal order withdmwlng the 
approvals. 
,.A request for a hearing may not rest 

upon mere ahegations of denlaB. but if 
must set forth spealflc facts ehowmg that 
there is a genufne and substantial fssuo 
of fact thst requires a hearing. If it con- 
cXuslveW appears from the face of tho 
data, informatton, and faotual analyses 
in the request for hearing thd them la 
no genuine and substantial issue of faot 
that precludes the withdrawal of ap- 
proval of the appZl&ion, or whan n ro- 
quest for herrring is not mnde in tho cc- 
qulred format or with the required anal- 
yses, the Commfssloner wlZ1 enter sum- 
mary judgment against the person who 
requests a hearing, making flndlngs and 
conclusions, denying a hearing, 

Four copies of all submfssfone PWGU- 
ant to this notice must be Aled with the 
Hearing Clerk. Except for data and in- 
formation prohlblted from publio dk- 
closure pursuant to 21 U.S.C. 331(j) or 
18 U.S.C. 1205, responses to this notico 
and copies of published Ziteraturo oltcd 
in this notice not appearing in journnls 
designated by 21 CFR 310,O and 510.05 
may be seen in the ofllce of tho HenrIng 
Clerk Food and Drug Adminlstratfon, 
between 8 a.m. and 4 pm,, Monday 
through Friday. 

If a hear& is requested and is juetl- 
fled by the applicant’s response to this 
notice of opportunity for hearing, tho 
issues wlh be defined, 8n admimstrativo 
I8w judge will be assigned, and a wrltton 
notice of the time and place at whloh tho 
hearing wlZZ commence wlb be issued 8s 
soon ss practicable. 
- The Director has oarefully considorcd 
the envlronmentnl effects of this aotlon, 
and because it wlh not sIgnlRcantIy 
affect the quality of the humnn envlron- 

-merit, he has concluded that an onvlron- 
mental impact statement js not required 
for this notice. A copy of the onvlron- 
mental impact assessment is on fflo with 
the Hearing Clerk. Moreover, in a notlco 
published in the FEDERAL RxarsTsn of 
May 27, 1877 (42 FR 2730) the CommIti- 
sloner of Food and Drugs reuuestcd data 
concemlng the potentlfkZ onvironmontrd 
Impact of a series of regulatory a&ions, 
lncludlng this one, designed to rcstrlot 
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NOTICES ’ ’ 
. 

the subthernpeutlo use of antibact&als 
in nnimnl feeds. II the public dJ3cwlon 
and fnformntion @bred warrank. 
compn?henslve envlroxlmcnw Impact 
statement will be prermed, evrrlurrtlm 
the immct of all the actions ns 0 slnsIe 
mosram. 

NOTE.-Tbc Dlrcctor lms also cnrc(ul& con- 
sidered the intlntlon lmmat of tbe nDtk@. 
and xio major lndatlon Irbp~M., ILL dOfh?d iri 
Elsccutlve Order 11821. O’UB Okculm A-107, 
and GuldelhEs ~SSSSU~~ by tb0 DqXUbnclrt Of 
Eealtb, Educ&!on. und Welfnm, has been 
found. A copy of the FDA lnfbtlo~ impd 
asscssm@nt Is 0nltw~uriIl” cmlr, 
Food rind Drul: 
(Fedeml Food, Drug, and CasmotIc JM (&‘X. 
612 63 St&. 343-331 (al u.s.cl. 3cob)) end 
under autborlLy delegf&d to tbo Co&- 
oloncr of Food and Dru@ (31 GEL2 6.1) mid 
red&g?btcd to the DIrector of tho Burca~ of 
votcrlnaxy arcdlclne (al CFB 6.84) .) 

Dated: Auwst 24,197X 
C. D. Vbr? HovptELIIIo, 

Dire&w, Bureau 
of Veterfnarg iUe&fne. 

[FR Doc.77~24871 FlIcd 3-2%77S:Ui Or181 
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